

































br brad (spectral) 
Bu butyl 
°C degree Celsius 
cat. catalytic amount or catalyzed 
Cbz benzyloxycarbonyl 
conv. conversion 
d day (s) 
d doublet 





DMSO dimethyl sulfoxide 
DTBMP 2,6-di-tert-butyl-4-methylpyridine 
EDTA ethylenediaminetetraacetic acid 
ee enantio excess 
EI electron ionization 
eq. equivalent 
ESI electrospray ionization 
Et ethyl 
h hour (s) 
Hz hertz 
i iso 




m.p. melting point 
m/z mass to charge ratio 
mCPBA m-chloroperbenzoic acid 
Me methyl 
MHz mega hertz 
min minute (s) 
MOM methoxymethyl 
Ms methanesulfonyl 









PTSA p-toluenesulfonic acid 
Py pyridine 
quant. quantitative yield 
rt room temperature 
TBAI tetrabutylammonium iodide 
TBDPS tert-butyl-di-phenylsilyl 
TBHP tert-butyl hydroperoxide 
TBS tert-butyl dimethylsilyl 



























































もと，2014 年に山本らは 2,3-エポキシアルコールや 2,3-エポキシスルホンアミ
ドを基質に，W(OEt)6 を Lewis 酸触媒に用いた初の触媒的な C3 位選択的求核付
加反応を報告した (Scheme 0-1) [2]．本反応はアルコールやフェノールのほかに
 2 
アニリンを高収率・高選択的に導入できる．さらに，山本らは Ni 錯体を触媒と
して 3,4-エポキシアルコールの芳香族アミンによる C4 位選択的開環反応を報告
した (Scheme 0-2) [3]．しかし，いずれの反応においても脂肪族アミンを求核剤と














は 2018 年にジアリールボリン酸 11 を触媒とし C3 位選択的な求核置換反応を報
告した (Scheme 0-3) [4]. さらに，2018 年には Wang らが触媒にアリールボロン酸













(Scheme 0-5) [5]．すなわち，種々の 2,3-エポキシアルコールに対して，アミン・
アルコール求核剤共存下，5–20 mol% の Eu(OTf)3と DTBMP (求核剤がアミンの








Scheme 0-5. 上杉らによる 2,3-エポキシアルコールの位置選択的開環反応 
 




らの求核剤においても C4:C3 = 2:1 の位置選択性で対応する付加体が得られるこ
とを確認した (Scheme 0-7)． 
 
 





Scheme 0-7. Eu(OTf)3を用いた 3,4-エポキシアルコールのアミノリシス 
 
上杉は，上述の知見を活用して 3,4-エポキシアルコールのアミノリシス反応を
統合失調症治療薬 (+)-nemonapride の合成に応用した(Scheme 0-8) [6]．すなわち，
エナンチオリッチな 3,4-エポキシアルコール 37 に対し，Eu(OTf)3 存在下ベンジ
ルアミンを作用することで C4:C3 = 2.9:1 の位置選択性で 4-アミノ-1,3-ジオール
38 を優先して得た．さらに，一級水酸基選択的な活性化を鍵とした分子内 SN2
反応を経て，二級水酸基の Ms 化により 3-ヒドロキシ-2-アルキルピロリジン誘

















Scheme 0-9. 3,4-エポキシアミンの分子内アミノリシス 
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1. 3,4-エポキシアミンの触媒的位置選択的分子内アミノリシス反応の開発 




を考慮する必要がある．今回構想した反応系では，4-exo 型または 5-endo 型で進




に Dhavale らは，Pd 触媒によるアジドの還元に伴い環化が進行した環化成績体
45 の合成を報告した (Scheme 0-10) [7d]．また，1991 年に Husson らは，Thorpe-
Ingold 効果を利用しピペリジンを含む 3,4-エポキシアミン 46 をトルエン中加熱
還流することで，インドリジジン化合物 47の合成を報告した (Scheme 0-11) [7g]． 
 
 
Scheme 0-10. Dhavale らによる 5-endo-tet 環化 
 
 



























類される．すなわち，分子内に脱離基を含む含窒素化合物の分子内 SN2 反応 
(Scheme 0-13 a) とアルケンおよびイミン誘導体による [2+2] 環化付加反応であ
る (Scheme 0-13 b)． 
 
 
Figure 0-1. ペニシリン G 
 
 
Scheme 0-13. 主なアゼチジン合成法 
 




行った．その結果，Foubelo，Yus らは Ellman イミンを用いて立体選択的に合成
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可能な 3,4-エポキシスルホンアミド 49 を炭酸カリウムと加熱撹拌することで，
塩基性条件によるアゼチジン環の合成を報告した (Scheme 0-14) [10]．また，2011
年に Shing らによってエポキシアミン 51 の渡環反応でのアゼチジン環合成が確








Scheme 0-14. 3,4-エポキシスルホンアミドによる 4-exo-tet 環化 
 
 
Scheme 0-15. 3,4-エポキシアミン構造を含む基質の分子内渡環反応 
 
 




















 臭化プリフィニウム (56) は，1968 年に大木らによって抗コリン活性をもつ
化合物として合成・報告された (Scheme 0-18) [13b]．大木らは，ジオール 53 に対




















 オキシインドール骨格の 2 位にピロリジニル基が連結した 2,3’-ピロリジニル
スピロオキシインドール骨格は，数多くのアルカロイド化合物に含まれる構造






Figure 0-2. 2,3’-ピロリジニルスピロオキシインドール骨格を含む天然物化合物 
 
 一方で，Zhu らは 2018 年にベンザイン環化を利用したシュードインドキシル































はない．そこでまず，trans-3-ヘキセン酸から 4 工程で導いた 3,4-エポキシアミ
ン 63aa をモデル基質として初期検討を行った．Husson らの条件[7g]を参考に 3,4-
エポキシアミンに対し添加剤を加えずトルエン中 24 時間 110 °C に加熱したと
ころ，反応は全く進行せずに原料回収する結果となった (Scheme 1-1-1)．一方で，
上杉の条件[5]を参考に上記と同じ系に Eu(OTf)3を添加したところ，Baldwin 則で
不利とされる 5-endo-tet 環化が 1 時間で進行し，C4 位で反応した 3-ヒドロキシ-
2-エチルピロリジン 64aa が 88%，12:1 の選択性で得られた．この時，64aa の構
造は上杉が 3,4-エポキシアルコールの分子間アミノリシスと，続く分子内 SN2 反
応で合成したピロリジン化合物 64ab の 1H NMR と比較して決定し[16]，65aa の
構造は Couty らによって報告されたアゼチジン化合物 65ac の 1H NMR との類似





Scheme 1-1-1. ピロリジン合成法の初期検討 
 
 
Figure 1-1-1. 上杉が合成したピロリジン化合物 64ab と 





ホン酸塩 [Ln(OTf)3] についてスクリーニングを行った (Table 1-1-1)．その結果， 
La(OTf)3 を用いたとき 2 時間で原料が消失し，87%，13:1 の選択性で進行した 
(entry 1)．Ce(OTf)3を用いたとき 3.5 時間で原料が消失し，84%，10:1 の選択性と
La(OTf)3と比較して収率・選択性が低下し，反応時間の伸長が必要だった (entry 
2)．Sm(OTf)3では 1 時間で原料が消失し，88%，13:1 の選択性で進行した (entry 
5)．Er(OTf)3と Yb(OTf)3では 1 時間で原料が消失したものの，収率・選択性が低
下した (entries 9, 10)．次に，Ln(OTf)3 以外の Lewis 酸および Brønsted 酸を検討
した (Table 1-1-2)．種々の Brønsted 酸の検討では，トリフルオロメタンスルホン
酸を用いた際に 75%，11:1 の選択性で反応が進行したが，いずれにおいても 24
時間経過した時点で原料の消失が確認できなかった (entries 1-3)．Ln(OTf)3以外
の Lewis 酸では，良好に反応は進行したが，選択性の低下や反応時間の伸長が必
要だった (entries 4-6)．以上から著者は，選択性が一番高く，より安価な La(OTf)3
を最適な酸とした． 
 








こでは，基質濃度 0.05 M の溶液中 La(OTf)3を 10 mol% 添加し加熱還流した．そ
の結果，ベンゼンや 1,2-ジクロロエタンを用いた際にはトルエンと同程度の時間
で原料が消失し，収率・選択性についてもほぼ同程度の結果を与えた (entries 2, 
3)．一方で，配位性溶媒のアセトニトリルと THF では，原料が消失するまでに
反応時間の伸長が必要だった (entries 4, 5)．溶媒留去の観点から，1,2-ジクロロ
エタンを最適な溶媒とした． 
 
Table 1-1-3. 溶媒の検討 
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 次に，触媒量と反応溶液の濃度について検討を行った (Table 1-1-4)．本反応は，
触媒量を 10 mol% から 5 mol% に減じても問題なく進行した (entry 2)．また，




く位置選択性がより向上する結果となった．以上の検討から，La(OTf)3を 5 mol% 
添加しジクロロメタン (0.2 M) 中加熱還流する条件を最適とした．さらに，本条
件を 1.0 mmol スケールで行っても良好に反応が進行し，単離精製により 92%, 
19:1 の位置選択性でピロリジン 64aa が得られた (entry 5)． 
 















電子密度に関係なく，ベンゼン環に電子供与基 (63ia)・電子求引基 (63ja) が置
換しても高収率・高選択性で反応が進行した． 
 次に，官能基許容性を調査した (63ka–qa)．酸に影響を受けやすい PMB エー
テル (63ka)，TBS エーテル(63la)，Boc カーバメート(63ma)，そしてアセタール
(63na)を許容した．Lewis 塩基性のニトリル (63oa) やスルフィド (63pa)，含窒




Table 1-1-5. ピロリジン合成における窒素上置換基の基質適用性 
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 続いて，エポキシド隣接基の影響について検討を行った (Table 1-1-6)．アリル
基が結合した基質 (63ab) でもピロリジン形成が優先した．スチレン由来のエポ
キシアミン (63ad) においても C4 位選択的に反応が進行した．また，イソプロ
ピリデン由来の基質 (63ae) では高温を必要としたが良好な収率・選択性 (87%, 
13:1) でピロリジンが得られた．一方で，興味深いことに，かさ高い t-ブチル基
が結合した基質  (63af)，カルボニル基を有するエステル基が結合した基質 
(63ag) では C4 位での反応が進行せず，C3 位で進行したアゼチジン環化体が収
率よく得られた．65af では，求核部位のかさ高さ，65ag は，カルボニル基上の
酸素とエポキシドの酸素による Lewis 酸への配位により，C3-O 結合が歪むこと
で結合開裂が起こりやすくなり，よりカチオン性が高まった C3 位で進行したと
考えた (Scheme 1-1-2)．さらに，cis-アルケンから誘導されるエポキシアミン 66aa














Scheme 1-1-2. カルボニル基とエポキシドの酸素の二座配位による活性化 
 
 























率が低下した (entry 2)．LiOTf を添加した場合では，反応時間を伸長しても反応
はほとんど進行しなかった (entry 3)．さらに，山本らが 3,4-エポキシアルコール
の位置選択的アミノリシスで使用していた過塩素酸ニッケル六水和物や Laのク
ロライド塩を用いても原料が消失せず，系中が複雑化した (entries 4, 5)．最後に
強 Brønsted 酸のトリフルオロメタンスルホン酸を用いたが，所望の反応はほと
んど進行せず，系中が複雑化するのみだった (entry 6)． 
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Table 1-2-1. 溶媒検討 
 
 
Table 1-2-2. 酸触媒検討 
 
 











アルキル基の n-ブチル基 (66da) やかさ高い t-ブチル基 (66ea)でも問題なく 4-
exo-tet 型の環化反応が進行した．Lewis 塩基性のスルフィド (66fa) やニトリル 
(66ga)を持つ基質においても触媒反応を妨げることなく進行した． 
さらに本反応はスチレン由来のエポキシアミン 66ab でも C4 位では反応が進
行せず，C3 位で進行したアゼチジン環化体 67ab が得られた (Scheme 1-2-1)． 
 














るエポキシアミン (以下，trans-エポキシアミン) 69 および cis-アルケンから誘導






Figure 1-3-1. モデル基質 
 
 始めに，エポキシド酸素にプロトンが配位した中間体からの分子内アミノリ
シスについて 計 算を行った． PCM(dichloromethane)-B3LYP/6-311++G**// 
PCM(dichloromethane)-B3LYP /6-311G**レベルの汎関数/基底関数を用いて，窒素
上のメチル基とエポキシドに隣接するメチル基の相対立体配置 (synまたは anti) 
が遷移状態の自由エネルギーに与える影響を精査した (Figure 1-3-2)．その結果，
trans-エポキシアミン 69からピロリジンを与える遷移状態 (TS-p) では両メチル
基が anti の関係にあるものが，アゼチジンを与える遷移状態 (TS-a) では syn の
関係にあるものが，cis-エポキシアミン 70 からピロリジンを与える遷移状態 
(TS-p) では両メチル基が syn の関係にあるものが，アゼチジンを与える遷移状
態 (TS-a) では anti の関係にあるのものが，それぞれ安定であった． 
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Figure 1-3-3. 環形成におけるエネルギー図① 
 
Table 1-3-1. プロトンの配位を想定しB97X-D を用いて計算した 




Int1-p TS-p Int2-p Int1-p TS-p Int2-p
relative ⊿E 0.48 15.0 -227.2 2.32 24.9 -223.3
relative ⊿E + ZPE 1.99 12.2 -216.6 3.16 23.0 -210.9
relative ⊿H 1.19 11.0 -218.6 3.12 21.8 -213.7
relative ⊿G 4.80 15.4 -212.7 2.54 25.8 -206.0
Int1-a TS-a Int2-a Int1-a TS-a Int2-a
relative ⊿E 0.00 11.2 -156.4 0.00 11.6 -153.7
relative ⊿E + ZPE 0.00 9.3 -147.4 0.00 9.7 -145.4
relative ⊿H 0.00 8.0 -149.3 0.00 8.5 -147.0








ロリジンを形成する遷移状態 (trans, TS-p) がアゼチジンを形成する遷移状態 
(trans, TS-a) よりも 11.3 kJ/mol 低い自由エネルギーであった (Figure 1-3-4)．こ
の結果は，ピロリジン形成がアゼチジン形成に優先するという点で実験結果を
支持するが，トリフルオロメタンスルホン酸を用いて検討した際の実験値 
(C4:C3 = 11:1, 7.7 kJ/mol) と比較してやや大きい値であった． 
そこで，本遷移状態について汎関数 (B3LYP-D3, M06-2X) を調査した．その
結果，M06-2X を用いると，trans-エポキシアミン 69 からの遷移状態において，
ピロリジンを形成する遷移状態 (trans, TS-p) がアゼチジンを形成する遷移状態 
(trans, TS-a) よりも 8.2 kJ/mol 低い自由エネルギーで進行することが示され，実
験値と比較的良い一致を示した (Figure 1-3-5, 1-3-6)．また，cis-エポキシアミン
70 では，計算結果を評価できる実験結果は得られなかったものの，アゼチジン
を形成する遷移状態 (cis, TS-a) がピロリジンを形成する遷移状態 (cis, TS-p)よ
りも低い自由エネルギーであることが示された． 




Figure 1-3-4. 環形成におけるエネルギー図② 
 
Table 1-3-2. ジメチルアンモニウムの配位を想定しB97X-D を用いて計算した 
各エネルギー値 (ZPE: zero point energy) 
 
  
Int1-p TS-p Int2-p Int1-p TS-p Int2-p
relative ⊿E 0.00 83.8 -92.6 0.00 99.6 -94.4
relative ⊿E + ZPE 0.00 72.4 -84.7 0.00 86.6 -88.7
relative ⊿H 0.00 70.3 -87.7 0.00 85.1 -90.8
relative ⊿G 0.00 79.8 -77.7 0.00 91.3 -85.7
Int1-a TS-a Int2-a Int1-a TS-a Int2-a
relative ⊿E 1.56 94.3 -23.3 0.80 93.6 -23.3
relative ⊿E + ZPE 2.16 83.8 -19.8 1.22 80.4 -21.4
relative ⊿H 1.83 81.8 -21.9 1.26 79.8 -22.5





Figure 1-3-5. 環形成におけるエネルギー図③ 
 
Table 1-3-3. ジメチルアンモニウムの配位を想定し M06-2X を用いて計算した 
各エネルギー値 (ZPE: zero point energy) 
 
   
 
  
Int1-p TS-p Int2-p Int1-p TS-p Int2-p
relative ⊿E -1.30 92.1 -93.0 -0.94 104.1 -96.1
relative ⊿E + ZPE 0.23 81.0 -85.6 0.01 95.0 -89.5
relative ⊿H -0.49 78.7 -88.6 -0.75 92.2 -92.4
relative ⊿G 3.63 88.8 -78.1 5.42 106.0 -81.7
Int1-a TS-a Int2-a Int1-a TS-a Int2-a
relative ⊿E 0.00 99.2 -19.9 0.00 99.7 -18.3
relative ⊿E + ZPE 0.00 90.1 -16.8 0.00 88.9 -15.2
relative ⊿H 0.00 88.0 -18.9 0.00 87.6 -16.9


























 総論で述べた構想 (Scheme 0-19) に基づき，まずエポキシアミンの合成を行っ
た (Scheme 2-1-1)．すなわち，ホモアリルアルコール 36 を Shi の不斉エポキシ
化反応[18]に付すことで，立体選択的にエポキシアルコール 37 を合成した．37 の
立体化学は，上杉の (+)-nemonapride の合成[6]から決定した．得られた 37 を Ts
化したのち，Finkelstein 反応によりヨウ素化後，系中へエチルアミンを添加する
ことで SN2 反応を惹起し，目的のエポキシアミン 72 を得た． 
 
Scheme 0-19. エナンチオ選択的な臭化プリフィニウムの合成計画 (再掲) 
 
 
Scheme 2-1-1. エポキシアミン 72 の合成 
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 エポキシアミン 72 を著者が見出したピロリジン合成法の条件に付すことで
90%収率，C4 位選択的に 3-ヒドロキシピロリジン 73 を合成した (Scheme 2-1-
2)．3-ヒドロキシピロリジン 73 を当研究室で見出した AZADO/Cu 共触媒系空気
酸化反応の条件[12]に適用したところ，低収率ではあるが，目的とした 3-ピロリ
ジノン 74 を獲得した． 
 
 







THF を溶媒に用いた酸化反応の検討を，64aa をモデル基質として行った (Table 
2-1-1)．始めに，THF 中，酸素雰囲気下，AZADOL 2 mol%，CuBr 4 mol%，bpy 2 
mol%，DMAP 4 mol% を添加した (entry 1)．その結果，酸化反応は 21.2%と低変
換率であった．そこで，触媒量をそれぞれ 5 mol% および 10 mol% へと増加し
たところ高変換率で目的とする 3-ピロリジノン 75が生成することが観測された 
(entry 2)．さらに，銅塩を CuOTf に変更すると変換率は 94.2%に向上したが, 反





Table 2-1-1. THF を用いた酸化条件の検討 
 
 
 上述の条件を 3-ヒドロキシピロリジン 73 に適用し，ワンポットで求核付加反
応を行ったところ，良好な収率でジフェニルメチル化体 76 が得られた (Scheme 
2-1-3)．この時，各反応において反応温度に注意することでエナンチオ過剰率が












 総論 Scheme 0-21 に基づき，始めに，64aa をモデル基質とした酸化と，続く
Strecker 反応を試みた (Scheme 2-2-1)．AZADO/Cu 共触媒系空気酸化反応では高
収率でケトン 75 が得られた．しかし，Strecker 反応では塩化アンモニウムや酢
酸アンモニウムを用い，室温から 60 °C に加熱して反応を試みたが目的とするア
ミノニトリル 77 は得られず，シアノヒドリン 78 が主生成物として観測された．
そのため，イミン生成を促進するためにモレキュラーシーブを添加したものの
結果に変化は見られなかった．そこで，Bucherer-Bergs 反応[19]を試みた (Scheme 
2-2-2)．すなわち，炭酸アンモニウムを用いたところ中程度ではあるもののヒダ
ントイン 79 が得られた． 
 
 




Scheme 2-2-1. ニトリルの導入 
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Scheme 2-2-2. ヒダントイン化合物への誘導 
 
 次に，-アミノ酸エステルへの変換を検討した．モデル基質として入手容易な
1-ベンジル-3-ヒドロキシピロリジン (80) から誘導したヒダントイン 81 を用い
た．始めに，ヒダントインから直接的な加溶媒分解を試みたが原料回収という結
果だった (Scheme 2-2-3)．そこで，Rebek Jr.らの報告[20]を参考にヒダントイン上






Scheme 2-2-3. ヒダントインから-アミノ酸エステルへの直接的変換 
 
 













鎖状 3,4-エポキシアミン 63aa の分子内アミノリシスによるピロリジン合成法
の検討を行い，単離収率 92%，C4:C3 = 19:1 の位置選択性でピロリジン 64aa が
得られる条件を見出した (Scheme 3-1)． 
 
 















ル位からアミノリシスが進行してアゼチジンが得られた (Table 3-2)． 
 














ン 72 を合成し，今回開発したピロリジン合成法に付すことでピロリジノール 73
を得た．その後，酸化に続くジフェニルメタン由来のアルキルリチウムの付加，
脱水，およびアンモニウム塩の形成により抗コリン作用を示す臭化プリフィニ
ウム ((+)-(S)-56) の初のエナンチオ選択的な合成を達成した． 
 
 
Scheme 3-2. エナンチオ選択的な臭化プリフィニウムの合成 
 
次に，数多くのアルカロイド化合物に見られる 2,3’-ピロリジニルスピロオキ
シインドール骨格 (Figure 3-1) の合成を簡便に行えると考え，その合成中間体と
して設定したピロリジニル-アミノ酸エステル 83 の合成検討を行った (Scheme 
3-3)．その結果，Bucherer-Bergs 反応によりヒダントイン 81 へと誘導し，その後
の加水分解とエステル化により効率的にピロリジニル-アミノ酸メチルエステ




Figure 3-1. 2,3’-ピロリジニルスピロオキシインドール骨格 
 
 











General Procedure  
All reactions were carried out under an argon atmosphere with dehydrate solvents 
under anhydrous conditions, unless otherwise noted. Dehydrated THF and CH2Cl2 were 
purchased from Kanto Chemical Co., Inc. Other solvents were dehydrated and distilled 
according to standard protocols. Reagents were obtained from commercial suppliers and 
used without further purification, unless otherwise noted. 
  Reactions were monitored by thin-layer chromatography (TLC) carried out on 0.25 
mm Merck silica gel plates (60F-254). Column chromatography was performed using 
Silica Gel 60N (Kanto Chemical Co., Inc., spherical, neutral, particle size 63-210 mm) 
and flash column chromatography was performed using Silica Gel 60N (Kanto Chemical 
Co., Inc., spherical, neutral, particle size 40-50 mm), unless otherwise noted. 
  Melting points were taken with Yazawa BY-2 and are uncorrected. Infrared spectra (IR) 
were obtained on a JASCO FT-IR-4600 and reported in wavenumbers. Proton nuclear 
magnetic resonance (1H-NMR) spectra were recorded using JEOL JMN-AL400 (400 
MHz) spectrometers. Chemical shift (d) is reported in parts per million (ppm) downfield 
relative to tetramethylsilane (TMS; 0.0 ppm) in CDCl3 or acetone (2.05 ppm) in 
(CD3)2CO. Coupling constants (J) are reported in Hz. Carbon-13 nuclear magnetic 
resonance (13C-NMR) spectra were recorded using JEOL JMN-AL400 (100 MHz) 
spectrometers. Chemical shift is reported in ppm relative to the center line of the triplet 
of 13CDCl3 (77.0 ppm) or septet of 
13(CD3)2CO. Low resolution mass spectra (MS) were 
recorded on JEOL JMS-DX303, JMS-T100GC and JEOL JMS-700. High resolution mass 
spectra (HRMS) were recorded on JEOL JMS-T100GC and JEOL JMS-700 using 
electron impact (EI) or a Thermo Scientific Exactive Mass Spectrometer using 
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electrospray ionization (ESI). HPLC utilized Chromaster (HITACHI) as UV-detector 
(254 nm). Analytical chiral HPLC was performed on CHIRALPAK AD-H and AS-H 












To a solution of epoxy amine in CH2Cl2 (0.2 M) was added La(OTf)3 (5 mol%) at rt, 
and the mixture was stirred in reflux temperature. After the reaction finished, the mixture 
was cooled to 0 °C and saturated aqueous NaHCO3 was added. Then, the mixture was 
extracted three times with CH2Cl2. The combined organic layer was dried over Na2SO4, 
filtered, and concentrated under reduced pressure. The resulting residue was purified by 
column chromatography to give pyrrolidine compound. 
 
Preparation of epoxy amines 
General procedure  




To a solution of epoxy alcohol in CH2Cl2 (0.5 M) was added Et3N (2.5 eq) and MsCl 
(1.5 eq) at 0 °C, and the mixture was stirred for 10 min at room temperature. Then, 
saturated aqueous NaHCO3 was added at 0 °C, and the mixture was extracted three times 
with CH2Cl2. The combined organic layer was dried over anhydrous MgSO4, filtered, and 
concentrated under reduced pressure. The resulting crude product was used immediately 
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in the next reaction without purification.  
To a solution of the above crude product in DMSO (0.5 M) were added alkyl amine 
(3.0 eq) and NaI (10 mol%) at room temperature, and the mixture was stirred for 2 days 
at ambient temperature. Then, the mixture was diluted with H2O, and extracted with Et2O. 
The combined organic layer was washed three times with brine, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. The resulting residue was 
purified by column chromatography to give epoxy amine. 
 




To a cooled and well stirred mixture of epoxy alcohol and TEMPO (1 mol%) in 
CH2Cl2 (0.2M) and saturated aqueous NaHCO3 containing KBr (10 mol%) was added 
dropwise a pre-mixed solution of NaOCl·5H2O (1.5 eq) in saturated aqueous NaHCO3, 
and the resulting mixture was stirred for 20 min at 0 °C. Then, saturated aqueous Na2S2O3 
was added at 0 °C, and the mixture was extracted with CH2Cl2. The combined organic 
layer was washed with brine, dried over MgSO4, filtered, and concentrated under reduced 
pressure. The resulting crude product was used immediately in the next reaction without 
purification.  
To a solution of the above crude product in CH2Cl2 were added ArNH2 (1 eq). After 
the mixture was stirred at room temperature, NaBH(OAc)3 (1.2 eq) was added at 0 °C 
and stirred at room temperature. Then saturated aqueous NaHCO3 was added, and the 
resulting mixture extracted with CH2Cl2. The combined organic layer was dried over 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The resulting 
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residue was purified by column chromatography to give epoxy amine. 
 




To a suspension of LiAlH4 (8.42 g, 222 mmol) in Et2O (100 mL) was added dropwise 
a solution of trans-3-hexenoic acid (S1) (11.4 g, 100 mmol) in Et2O, and the resulting 
suspension was stirred for 12 h at room temperature. Then, H2O (8.5 mL) and 15% aq. 
NaOH (8.5 mL) was added dropwise followed by H2O (25.5 mL) was added, and the 
resulting suspension was stirred at room temperature. Then, anhydrous MgSO4 was added 
at 0 °C and stirred at room temperature. Then, the resulting suspension was filtered 
through a celite pad, and the filtrate was concentrated under reduced pressure. The 
resulting crude product was used immediately in the next reaction without purification.  
To a solution of the above crude product in CH2Cl2 was added mCPBA (contains 27-
31% H2O, 30.1 g, 126 mmol) at 0 °C, and stirred for 1 h at 0 °C. Then, saturated aqueous 
NaHCO3 and saturated aqueous Na2S2O3 were added at 0 °C, and the resulting solution 
was extracted with CH2Cl2. The combined organic layer was dried over MgSO4, filtered, 
concentrated under reduced pressure. The resulting residue was distilled under reduced 





S2: IR (neat)  708 807 884 1059 1200 1242 1380 1437 1461 1653 2879 2969 3434 cm-
1 ; 1H NMR (400 MHz, CDCl3)  1.00 (3H, t, J = 7.5 Hz), 1.50-1.64 (2H, m), 1.64-1.77 
(1H, m), 1.95 (1H, dtd, J = 4.4, 6.5, 14.4 Hz), 2.44-2.61 (1H, br-s), 2.78 (1H, dt, J = 2.3, 
5.6 Hz), 2.88 (1H, ddd, J = 2.3, 4.4, 6.5 Hz), 3.77 (2H, dd, J = 5.7, 6.4 Hz) ; 13C NMR 
(100 MHz, CDCl3)  9.68, 24.9, 34.3, 56.5, 59.4, 59.7 ; HRMS (EI) m/z: [M-H]
+ calcd 
for C6H11O2 115.0759 ; Found 115.0753 
 
N-benzyl-2-((2R*,3R*)-3-ethyloxiran-2-yl) ethan-1-amine (63aa)  
 
Yield: 89%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  698 737 889 1119 1454 1495 2819 2876 2934 2968 3027 3063 3316 cm-1 ; 1H 
NMR (400 MHz, CDCl3)  0.98 (3H, t, J = 7.5 Hz), 1.55 (2H, dq, J = 5.6, 7.5 Hz), 1.51-
1.62 (1H, br-s), 1.60-1.73 (1H, m), 1.82 (1H, dtd, J = 4.7, 7.0, 14.0 Hz), 2.67 (1H, dt, J = 
2.2, 5.6 Hz), 2.72-2.84 (3H, m), 3.79 (2H, s), 7.18-7.40 (5H, m) ; 13C NMR (100 MHz, 
CDCl3)  9.79, 25.0, 32.4, 46.2, 54.0, 57.1, 59.5, 126.8, 128.0 (CH×2), 128.3 (CH×2), 
140.2 ; HRMS (EI) m/z: [M]+ calcd for C13H19NO 205.1467 ; Found 205.1458 
 
2-((2R*,3R*)-3-ethyloxiran-2-yl)-N-(4-methoxybenzyl) ethan-1-amine (63ba) 
 
Yield: 66%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  818 887 1036 1106 1176 1246 1301 1461 1512 1611 2834 2933 2966 3327 cm-
1 ; 1H NMR (400 MHz, CDCl3)  0.98 (3H, t, J = 7.5 Hz), 1.32-1.48 (1H, br-s), 1.48-1.60 
(2H, m), 1.61-1.73 (1H, m), 1.74-1.99 (1H, m), 2.67 (1H, dt, J = 2.2, 5.6 Hz), 2.73-2.85 
(3H, m), 3.73 (2H, s), 3.79 (3H, s), 6.85 (2H, d, J = 8.7 Hz), 7.23 (2H, d, J = 8.7 Hz) ; 13C 
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NMR (100 MHz, CDCl3)  9.81, 25.0, 32.5, 46.1, 53.4, 55.2, 57.1, 59.5, 113.7 (CH×2), 
129.2 (CH×2), 132.4, 158.5 ; HRMS (EI) m/z: [M]+ calcd for C14H21NO2 235.1572 ; 
Found 253.1569 
 
2-((2R*,3R*)-3-ethyloxiran-2-yl)-N-(4-(trifluoromethyl) benzyl) ethan-1-amine (63ca) 
 
Yield: 99%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  722 766 822 888 1018 1066 1123 1163 1327 1418 1460 1619 2827 2878 2936 
2971 3330 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.34-1.49 (1H, 
br-s), 1.50-1.60 (2H, m), 1.61-1.72 (1H, m), 1.79-1.91 (1H, m), 2.68 (1H, ddd, J = 2.3, 
5.6, 5.8 Hz), 2.75-2.85 (3H, m), 3.86 (2H, s), 7.45 (2H, d, J = 8.1 Hz), 7.57 (2H, d, J = 
8.1 Hz) ; 13C NMR (100 MHz, CDCl3)  9.77, 25.0, 32.4, 46.3, 53.4, 57.1, 59.5, 124.2 (q, 
J = 273 Hz), 125.2 (q, J = 3.9 Hz), 128.2, 129.5 (q, J = 32 Hz), 144.5 (q, J = 1.2 Hz) ; 
HRMS (EI) m/z: [M]+ calcd for C14H18F3NO 273.1341 ; Found 273.1311 
 
N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) butan-1-amine (63da)  
 
Yield: 76%, column chromatography (silica gel, CHCl3/MeOH = 10), yellow oil, IR 
(neat)  735 889 1132 1307 1377 1462 2815 2874 2930 2962 3315 cm-1 ; 1H NMR (400 
MHz, CDCl3)  0.92 (3H, t, J = 7.4 Hz), 0.99 (3H, t, J = 7.6 Hz), 1.06-1.23 (1H, br-s), 
1.28-1.41 (2H, m), 1.42-1.51 (2H, m), 1.52-1.61 (2H, m), 1.61-1.71 (1H, m), 1.74-1.88 
(1H, m), 2.61 (2H, dd, J = 7.1, 7.3 Hz), 2.68 (1H, ddd, J = 2.2, 5.6, 5.8 Hz), 2.73-2.85 
(3H, m) ; 13C NMR (100 MHz, CDCl3)  9.68, 13.8, 20.3, 24.9, 32.1, 32.4, 46.7, 49.6, 
57.0, 59.4 ; HRMS (EI) m/z: [M]+ calcd for C10H21NO 171.1623 ; Found 171.1626 
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N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl)-2-methylpropan-2-amine (63ea) 
 
Yield: 63%, column chromatography (silica gel, CHCl3/MeOH = 4), pale yellow oil, IR 
(neat)  707 765 891 1089 1114 1231 1361 1389 1460 2876 2967 3314 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  1.00 (3H, t, J = 7.5 Hz), 1.11 (9H, s), 1.56 (2H, dq, J = 5.6, 7.5 Hz), 
1.57-1.66 (1H, m), 1.72-1.86 (1H, m), 2.62-2.81 (4H, m) ; 13C NMR (100 MHz, CDCl3) 
 9.79, 25.0, 28.9 (CH3×3), 33.3, 39.5, 50.2, 57.2, 59.5 ; MS (ESI) m/z: [M+H]
+ calcd for 
C10H22NO 172.1696 ; Found 172.1688 
 
N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) prop-2-en-1-amine (63fa) 
 
Yield: 70%, column chromatography (silica gel, hexane/EtOAc = 1→1+5% Et3N), 
yellow oil, IR (neat)  806 888 914 994 1119 1378 1459 1643 2817 2876 2933 3077 3315 
cm-1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.15-1.40 (1H, br-s), 1.47-
1.61 (2H, m), 1.62-1.73 (1H, m), 1.74-1.93 (1H,m), 2.70 (1H, ddd, J = 2.2, 5.6, 5.8 Hz), 
2.72-2.89 (3H, m), 3.26 (2H, ddd, J = 1.3, 1.4, 6.0 Hz), 5.10 (1H, dd, J = 1.7, 10.3 Hz), 
5.17 (1H, dd, J = 1.7, 17.2 Hz), 5,80-6.02 (1H, m) ; 13C NMR (100 MHz, CDCl3)  9.79, 
25.0, 32.5, 46.2, 52.4, 57.0, 59.5, 115.8, 136.7 ; HRMS (EI) m/z: [M]+ calcd for C9H17NO 
155.1310 ; Found 155.1323 
 
N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) prop-2-yn-1-amine (63ga) 
 
Yield: 70%, column chromatography (hexane/EtOAc = 2→1→1+5% Et3N), pale yellow 
oil, IR (neat)  887 1119 1324 1460 2847 2876 2933 2969 3292 cm-1 ; 1H NMR (400 
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MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.28-1.50 (1H, br-s), 1.51-1.61 (2H, m), 1.62-
1.71 (1H, m), 1.83 (1H, dtd, J = 4.5, 7.0, 14.1 Hz), 2.26 (1H, t, J = 2.4 Hz), 2.70 (1H, dt, 
J = 2.2, 5.6 Hz), 2.78 (1H, ddd, J = 2.2, 4.5, 6.8 Hz), 2.82-2.92 (2H, m), 3.44 (2H, d, J = 
2.4 Hz) ; 13C NMR (100 MHz, CDCl3)  9.78, 25.0, 32.2, 38.1, 45.5, 56.9, 59.5, 71.3, 
82.0 ; HRMS (EI) m/z: [M]+ calcd for C9H15NO 153.1154 ; Found 153.1174 
 
N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) aniline (63ha) 
 
Yield: 39%, column chromatography (silica gel, hexane/EtOAc = 10), yellow oil, IR 
(neat)  693 749 886 1179 1262 1320 1378 1433 1476 1508 1604 2875 2934 2969 3022 
3052 3391 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.00 (3H, t, J = 7.5 Hz), 1.57, (2H, m), 
1.65-1.80 (1H, m), 1.94-2.12 (1H, m), 2.73 (1H, ddd, J = 2.2, 5.6, 5.8 Hz), 2.82 (1H, ddd, 
J = 2.2, 3.9, 7.1 Hz), 3.29 (2H, t, J = 6.7 Hz), 3.76-3.99 (1H, br-s), 6.61 (2H, d, J = 8.2 
Hz), 6.70 (1H, t, J = 7.3 Hz), 7.17 (2H, dd, J = 7.3, 8.2 Hz) ; 13C NMR (100 MHz, CDCl3) 
 9.82, 24.8, 31.7, 41.2, 57.0, 59.4, 112.7 (CH×2), 117.3, 129.2 (CH×2), 148.1 ; HRMS 
(EI) m/z: [M]+ calcd for C12H17NO 191.1310 ; Found 191.1304 
 
N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl)-4-methoxyaniline (63ia) 
 
Yield: 27%, column chromatography (silica gel, hexane/EtOAc = 10), dark brown oil, IR 
(neat)  820 887 1038 1124 1179 1236 1295 1463 1514 2831 2934 2968 3383 cm-1 ; 1H 
NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.52-1.64 (2H, m), 1.63-1.79 (1H, 
m), 1.98 (1H, dtd, J = 4.1, 6.7, 14.2 Hz), 2.71 (1H, dt, J = 2.2, 5.6 Hz), 2.80 (1H, ddd, J 
= 2.2, 4.1, 7.1 Hz), 3.23 (2H, t, J = 6.7 Hz), 3.52-3.69 (1H, br-s), 3.73 (3H, s), 6.58 (2H, 
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d, J = 8.8 Hz), 6.77 (2H, d, J = 8.8 Hz) ; 13C NMR (100 MHz, CDCl3)  9.75, 42.9, 31.7, 
42.1, 55.7, 56.9, 59.3, 114.0 (CH×2), 114.8 (CH×2), 142.4, 152.0 ; HRMS (EI) m/z: [M]+ 
calcd for C13H19NO2 221.1416 ; Found 221.1431 
 
ethyl 4-((2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) amino) benzoate (63ja) 
 
Yield: 35%, column chromatography (silica gel, hexane/EtOAc = 8), pale yellow oil, IR 
(neat)  701 771 839 887 1022 1107 1174 1277 1311 1341 1366 1463 1529 1606 1698 
2875 2935 2974 3373 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.4 Hz), 1.35 
(3H, t, J = 7.1 Hz), 1.48-1.64 (2H, m), 1.64-1.78 (1H, m), 2.07 (1H, dtd, J = 3.7, 6.5, 14.3 
Hz), 2.73 (1H, ddd, J = 2.3, 5.6, 5.9 Hz), 2.81 (1H, ddd, J = 2.3, 3.7, 7.4 Hz), 3.34 (2H, 
dt, J = 5.6, 6.5 Hz), 4.31 (2H, q, J = 7.1 Hz), 4.39-4.53 (1H, br-s), 6.55 (2H, d, J = 8.8 
Hz), 7.86 (2H, d, J = 8.8 Hz) ; 13C NMR (100 MHz, CDCl3)  9.74, 14.4, 24.9, 31.3, 40.8, 
56.8, 59.3, 60.1, 111.3 (CH×2), 118.6, 131.4 (CH×2), 151.7, 166.8 ; HRMS (EI) m/z: 
[M]+ calcd for C15H21NO3 263.1521 ; Found 263.1527 
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A mixture of 1,5-pentandiol (S3) (1.06 g, 10.2 mmol), p-anisyl alcohol (0.999 mL, 
11.2 mmol) and Amberlyst-15 (105 mg) in CH2Cl2 (50 mL) was refluxed. After 24.5 h, 
the solution was cooled to room temperature, and then filtered. The filtrate was 
concentrated under reduced pressure. The resulting residue was purified by column 
chromatography (silica gel, hexane/EtOAc = 4→1) to give mono alcohol S4 (1.17 g, 5.22 
mmol, 51%) as a colorless oil.  
 
S4 : IR (neat)  821 1036 1095 1174 1248 1302 1362 1463 1514 1613 2861 2936 3399 
cm-1 ; 1H NMR (400 MHz, CDCl3)  1.35-1.49 (2H, m), 1.50-1.69 (4H, m), 1.70-1.96 
(1H, br-s), 3.45 (2H, t, J = 6.5 Hz), 3.60 (2H, t, J = 6.2 Hz), 3.79 (3H, s), 4.42 (2H, s), 
6.87 (2H, d, J = 8.7 Hz), 7.25 (2H, d, J = 8.7 Hz) ; 13C NMR (100 MHz, CDCl3)  22.4, 
29.4, 32.5, 55.2, 62.7, 70.0, 72.5, 113.7 (CH×2), 129.2 (CH×2), 130.6, 159.1 ; MS (ESI) 
m/z: [M+Na]+ calcd for C13H20O3Na 247.1305 ; Found 247.1293 
 
To a solution of mono alcohol S4 (1.17 g, 5.22 mmol) in THF (10 mL) were added 
PPh3 (1.64 g, 6.25 mmol), phthalimide (770 mg, 5.23 mmol) and DIAD (1.3 mL, 6.71 
mmol) at room temperature. The resulting mixture was stirred for 45 min at room 
temperature. Then, the mixture was concentrated under reduced pressure, and the 
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resulting residue was purified by column chromatography (silica gel, hexane/EtOAc = 8) 
to give phthalimide S5 (1.76 g, 4.97 mmol, 95%) as white amorphas.  
 
S5 : IR (neat)  720 820 1035 1054 1095 1173 1247 1302 1364 1396 1438 1467 1513 
1613 1714 1772 2860 2938 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.34-1.51 (2H, m), 1.58-
1.77 (4H, m), 3.43 (2H, t, J = 6.5 Hz), 3.68 (2H, t, J = 7.2 Hz), 3.79 (3H, s), 4.41 (2H, s), 
6.85 (2H, d, J = 8.6 Hz), 7.23 (2H, d, J = 8.6 Hz), 7.69 (2H, dd, J = 3.1, 5.4 Hz), 7.83 
(2H, dd, J = 3.1, 5.4 Hz) ; 13C NMR (100 MHz, CDCl3)  23.5, 28.3, 29.2, 37.8, 55.1, 
69.6, 72.4, 113.6 (CH×2), 123.0 (CH×2), 129.1 (CH×2), 130.6, 132.1 (C×2), 133.7 
(CH×2), 159.0, 168.3 (C×2) ; MS (ESI) m/z: [M+Na]+ calcd for C21H23NO4Na 376.1519 ; 
Found 376.1500 
 
To a solution of phthalimide S5 (1.76 g, 4.97 mmol) in MeOH (25 mL) was added 
hydrazine monohydrate (0.360 mL, 7.42 mmol). The reaction mixture was heated under 
reflux for 4 h. Then, the white precipitate was dissolved by adding a solution of KOH in 
methanol (0.8 M solution, 10 mL). Then, the resulting solution was concentrated and 
CH2Cl2 was added. After filtration, the filtrate was washed H2O and brine, dried over 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The resulting crude 




N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl)-5-((4-methoxybenzyl) oxy) pentan-1-amine 
(63ka) 
 
Yield: 86%, column chromatography (silica gel, CHCl3/MeOH = 30→10), pale yellow 
oil, IR (neat)  821 888 1036 1098 1173 1248 1302 1362 1461 1513 1612 2857 2933 
3320 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.08-1.28 (1H, br-s), 
1.37-1.44 (2H, m), 1.44-1.73 (7H, m), 1.73-1.88 (2H, m), 2.60 (2H, t, J = 7.1 Hz), 2.67 
(1H, dt, J = 2.1, 5.6 Hz), 2.72-2.86 (3H, m), 3.44 (2H, t, J = 6.5 Hz), 3.80 (3H, s), 4.42 
(2H, s), 6.87 (2H, d, J = 8.7 Hz), 7.25 (2H, d, J = 8.7 Hz) ; 13C NMR (100 MHz, CDCl3) 
 9.81, 23.9, 25.0, 29.6, 29.9, 32.6, 46.8, 50.0, 55.2, 57.1, 59.5, 69.9, 72.5, 113.7 (CH×2), 
129.1 (CH×2), 130.7, 159.0 ; HRMS (EI) m/z: [M]+ calcd for C19H31NO3 321.2304 ; 
Found 321.2346  
 




To a solution of 1,3-propanediol (S7) (19.0 g, 250 mmol) in DMF (100 mL) was 
added TBSCl (7.49 g, 49.7 mmol), imidazole (6.83 g, 10.0 mol) and DMAP (63.2 mg, 
0.517 mmol) at 0 °C, and the solution was stirred at room temperature for 28.5 h. Then, 
saturated aqueous NaHCO3 was added. The mixture was extracted with Et2O (75 mL×4). 
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The combined organic layer was washed with brine (100 mL×3), dried over MgSO4, 
filtered, and concentrated under reduced presser. The resulting residue was purified by 
column chromatography (silica gel, hexan/EtOAc = 5) to give mono alcohol S8 (6.92 g, 
36.3 mmol, 72%) as a pale yellow oil. 
 
S8 : IR (neat)  776 837 962 10071096 1255 1472 2858 2930 2954 3349 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  0.08 (6H, s), 0.90 (9H, s), 1.78 (2H, dt, J = 5.6, 11.3 Hz), 2.71 (1H, 
br-s), 3.74-3.891 (4H, m) ; 13C NMR (100 MHz, CDCl3)  -5.55 (CH3×2), 18.1, 25.8 
(CH3×3), 34.2, 62.2, 62.8 ; MS (ESI) m/z: [M+Na]
+ calcd for C9H22O2SiNa 213.1281 ; 
Found 213.1281 
 
To a solution of mono alcohol S8 (2.00 g, 10.5 mmol) in THF (20 mL) were added 
PPh3 (3.31 g, 12.6 mmol), phthalimide (1.55 g, 10.5 mmol) and DIAD (2.4 mL, 12.4 
mmol) at room temperature. The resulting mixture was stirred 40 min at room temperature. 
Then, the mixture was concentrated under reduced pressure, and the resulting residue was 
purified by column chromatography (silica gel, hexane/EtOAc = 5) to give phthalimide 
S9 (3.30 g, 10.3 mmol, 98%) as white amorphas.  
 
S9 : IR (neat)  719 777 836 982 1040 1102 1255 1370 1395 1439 1469 1715 1773 2857 
2929 2953 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.015 (6H, s), 0.87 (9H, s), 1.80-1.97 
(2H, m), 3.70 (2H, t, J = 6.0 Hz), 3.79 (2H, t, J = 7.1 Hz), 7.70 (2H, dd, J = 3.1, 5.4 Hz), 
7.83 (2H, dd, J = 3.1, 5.4 Hz) ; 13C NMR (100 MHz, CDCl3)  -5.52( CH3×2), 18.2, 25.8 
(CH3×3), 31.5, 35.5, 60.8, 123.0 (CH×2), 132.2 (C×2), 133.7 (CH×2), 168.3 (C×2) ; MS 




To a solution of phthalimide S9 (2.03 g, 6.34 mmol) in MeOH (60 mL) was added 
hydrazine monohydrate (0.46 mL, 9.48 mmol). The reaction mixture was heated under 
reflux for 4 h. Then, the white precipitate was dissolved by adding a solution of KOH in 
methanol (0.8 M solution, 12 mL). Then, the resulting solution was concentrated and 
CH2Cl2 was added. After filtration, the filtrate was washed H2O, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. The resulting crude product 
was used immediately in the next SN2 reaction without purification.  
 
3-((tert-butyldimethylsilyl) oxy)-N-(2-((2R*, 3R*)-3-ethyloxiran-2-yl) ethyl) propan-1-
amine (63la) 
 
Yield: 72%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  776 837 889 1098 1254 1471 2857 2930 2955 3332 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  0.048 (6H, s), 0.89 (9H, s), 0.99 (3H, t, J = 7.5 Hz), 1.16-1.38 (1H, br-s), 1.56 
(2H, dt, J = 5.6, 7.5 Hz), 1.60-1.72 (3H, m), 1.79 (1H, dtd, J = 4.8, 7.1, 14.0 Hz), 2.65-
2.81 (6H, m), 3.69 (2H, t, J = 6.1 Hz) ; 13C NMR (100 MHz, CDCl3)  -5.41 (CH3×2), 
9.83, 18.2, 25.1, 25.9 (CH3×3), 32.6, 32.9, 46.9, 47.3, 57.1, 59.6, 61.7 ; HRMS (EI) m/z: 








To a solution of 5-amino-1-pentanol (S11) (1.04 g, 10.1 mmol) in CH2Cl2 (5 mL) 
was added dropwise a solution of Boc2O (2.18 g, 9.97 mmol) in CH2Cl2 (5 mL), and 
stirred at room temperature for 14 h. Then, the mixture was concentrated under reduced 
pressure. The resulting crude product was used immediately in the next reaction without 
purification.  
To a solution of the above crude product in THF (20 mL) were added PPh3 (3.16 g, 
12.0 mmol), phthalimide (1.47 g, 10.0 mmol) and DIAD (2.3 mL, 11.9 mmol) at room 
temperature. The resulting mixture was stirred 45 min at room temperature. Then, the 
mixture was concentrated under reduced pressure, and the resulting residue was purified 
by column chromatography (silica gel, hexane/EtOAc = 5) to give phthalimide S13 (3.04 
g, 8.70 mmol, 87%) as white amorphas.  
 
S13 : IR (neat)  720 1053 1109 1173 1249 1366 1397 1438 1467 1519 1712 1772 2864 
2936 2978 3361 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.29-1.40 (2H, m), 1.43 (9H, s), 
1.48-1.62 (2H, m), 1.70 (2H, quint, J = 7.4 Hz), 3.10 (2H, q, J = 6.1 Hz), 3.69 (2H, t, J = 
7.2 Hz), 4.42-4.73 (1H, br-s), 7.71 (2H, dd, J = 3.1, 5.4 Hz), 7.84 (2H, dd, J = 3.1, 5.4 
Hz) ; 13C NMR (100 MHz, CDCl3)  24.0, 28.2, 28.4 (CH3×3), 29.5, 37.7, 40.3, 79.0, 
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123.1 (CH×2), 132.1 (C×2), 133.9 (CH×2), 155.9, 168.4 (C×2) ; MS (ESI) m/z: [M+Na]+ 
calcd for C18H24N2O4Na 355.1628 ; Found 355.1603 
 
To a solution of phthalimide S13 (1.63 g, 4.90 mmol) in MeOH (50 mL) was added 
hydrazine monohydrate (0.36 mL, 7.42 mmol). The reaction mixture was heated under 
reflux for 6 h. Then, the white precipitate was dissolved by adding a solution of KOH in 
methanol (0.8 M solution, 10 mL). Then, the resulting solution was concentrated and 
CH2Cl2 was added. After filtration, the filtrate was washed H2O, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. The resulting crude product 
was used immediately in the next SN2 reaction without purification.  
 
tert-butyl (5-((2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) amino) pentyl) carbamate (63ma) 
 
Yield: 59%, column chromatography (silica gel, CHCl3/MeOH = 30→10), pale yellow 
oil, IR (neat)  780 887 1010 1040 1173 1251 1273 1365 1390 1457 1523 1700 2861 
2932 2971 3347 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.28-1.39 
(3H, m), 1.44 (9H, s), 1.45-1.52 (4H, m), 1.53-1.60 (2H,m), 1.61-1.69 (1H, m), 1.78-1.89 
(1H, m), 2.61 (2H, dd, J = 7.0, 7.3 Hz), 2.68 (1H, ddd, J = 2.4, 5.5, 5.8 Hz), 2.72-2.82 
(3H, m), 3.11 (2H, dd, J = 6.2, 12.5 Hz), 4.46-4.68 (1H, br-s) ; 13C NMR (100 MHz, 
CDCl3)  9.80, 24.5, 25.0, 28.4 (CH3×3), 29.7, 29.9, 32.5, 40.5, 46.8, 49.8, 57.1, 59.5, 








To a solution of methyl vinyl ketone (S15) (2.1 g, 30.0 mmol) in EtOAc (15 mL) 
were added phthalimide (4.43 g, 30.1 mmol) and BTMA hydroxide (3.9 M in MeOH, 770 
mL, 3.00 mmol), and stirred under reflux for 1 h. Then, the mixture was cooled to room 
temperature followed by concentration under reduced pressure. The resulting residue was 
recrystallized from EtOAc to give phthalimide S16 (4.15 g, 19.1 mmol, 63%) as a white 
crystal.  
 
S16 : m.p. 112.6-113.8 °C ; IR (neat)  603 684 716 1175 1304 1349 1395 1703 1716 
2940 cm-1 ; 1H NMR (400 MHz, CDCl3)  2.19 (3H, s), 2.88 (2H, dd, J = 7.6, 7.3 Hz), 
3.96 (2H, dd, J = 7.6, 7.3 Hz), 7.72 (2H, dd, J = 2.8, 5.3 Hz), 7.84 (dd, J = 2.8, 5.2 Hz) ; 
13C NMR (100 MHz, CDCl3)  29.9, 33.0, 41.6, 123.3 (CH×2), 132.0 (C×2), 134.0 
(CH×2), 168.1 (C×2), 205.8 ; MS (ESI) m/z: [M+Na]+ calcd for C12H11NO3Na 240.0631 ; 
Found 240.0632 
 
To a solution of ethylene glycol (1.12 g, 18.0 mmol) in PhH (120 mL) was added 
phthalimide S16 (2.61 g, 12.0 mmol) and PTSA·H2O (33.7 mg, 17.7 mmol), and stirred 
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in refluxing for 3 h with Dean-Stark apparatus. Then, the solution was cooled to room 
temperature, and washed with saturated aqueous NaHCO3, H2O and brine, dried over 
anhydrous MgSO4, filtered, and concentrated under reduced pressure. The resulting 
residue was recrystallized from EtOH to give ketal S17 (2.91 g, 11.1 mmol, 92%) as a 
colorless crystal. 
 
S17 : m.p. 118.4-122.2 °C ; IR (neat)  714 726 847 876 988 1034 1060 1156 1222 1248 
1329 1343 1372 1399 1710 2887 2985 3058 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.38 
(3H, s), 2.08 (2H, dd, J = 7.3, 7.2 Hz), 3.82 (2H, dd, J = 7.3, 7,2 Hz), 3.95 (4H, d, J = 1.5 
Hz), 7.70 (2H, dd, J = 5.5, 3.1 Hz), 7.84 (2H, dd, J = 5.3 3.1Hz) ; 13C NMR (100 MHz, 
CDCl3)  23.8, 33.5, 36.4, 64.6 (CH2×2), 108.7, 123.1 (CH×2), 132.2(C×2), 133.8 
(CH×2), 168.3 (C×2) ; MS (ESI) m/z: [M+Na]+ calcd for C14H15NO4Na 284.0893 ; Found 
284.0895 
 
To a solution of ketal S17 (2.09 g, 8.00 mmol) in MeOH (80 mL) was added 
hydrazine monohydrate (0.59 mL, 12.2 mmol). The reaction mixture was heated under 
reflux for 3 h. Then, the white precipitate was dissolved by adding a solution of KOH in 
methanol (0.8 M solution, 15 mL). Then, the resulting solution was concentrated and 
CH2Cl2 was added. After filtration, the filtrate was washed H2O, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. The resulting crude product 







Yield: 53%, column chromatography (silica gel, CHCl3/MeOH = 10), pale yellow oil, IR 
(neat)  864 888 948 1063 1129 1217 1306 1377 1460 2879 2936 2968 3328 cm-1 ; 1H 
NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.33 (3H, s), 1.42-1.60 (3H, m), 1.60-
1.72 (1H, m), 1.73-1.84 (1H, m), 1.87 (2H, t, J = 7.2 Hz), 2.65-2.84 (6H, m), 3.90-4.22 
(4H, m) ; 13C NMR (100 MHz, CDCl3)  9.80, 23.9 (CH2×2), 25.0, 32.6, 38.8, 45.3, 46.9, 
57.0, 59.5, 64.5, 109.6 ; HRMS (EI) m/z: [M]+ calcd for C12H23NO3 229.1678 ; Found 
229.1641 
 
3-((2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl) amino) propanenitrile (63oa) 
 
Yield: 49%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  760 887 1130 1367 1423 1461 2247 2843 2876 2934 2968 3318 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.29-1.50 (1H, br-s), 1.50-1.69 (3H, m), 
1.74-1.93 (1H, m), 2.52 (2H, t, J = 6.7 Hz), 2.70 (1H, ddd, J = 2.2, 5.6, 5.9 Hz), 2.74-2.86 
(3H, m), 2.94 (2H, t, J = 6.7 Hz) ; 13C NMR (100 MHz, CDCl3)  9.76, 18.7, 25.0, 32.3, 
45.1, 46.1, 56.8, 59.5, 118.6 ; HRMS (EI) m/z: [M]+ calcd for C9H16N2O 168.1263 ; 




N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl)-3-(methylthio) propan-1-amine (63pa) 
 
Yield: 85%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  742 888 1127 1306 1376 1437 1460 2821 2876 2917 2967 3310 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.13-1.22 (1H, br-s), 1.56 (2H, dt, J = 5.6, 
7.5 Hz), 1.60-1.70 (1H, m), 1.71-1.92 (3H, m), 2.10 (3H, s), 2.55 (2H, t, J = 7.2 Hz), 2.64-
2.83 (6H, m) ; 13C NMR (100 MHz, CDCl3)  9.81, 15.4, 25.0, 29.3, 32.0, 32.5, 46.8, 
48.8, 57.1, 59.5 ; HRMS (EI) m/z: [M]+ calcd for C10H21NOS 203.1344 ; Found 203.1342  
 




To a solution of 5-amino-1-pentanol (S11) (1.03 g, 9.98 mmol) in CH2Cl2 (5 mL) 
was added dropwise a solution of Boc2O (2.19 g, 10.0 mmol) in CH2Cl2 (5 mL), and 
stirred at room temperature for 20.5 h. Then, the mixture was concentrated under reduced 
pressure. The resulting crude product was used immediately in the next reaction without 
purification. To a solution of the above crude product in CH2Cl2 (20 mL) were added TsCl 
(2.34 g, 12.3 mmol), Et3N (3.3 mL, 23.5 mmol) and DMAP (64.2 mg, 0.525 mmol) at 
0 °C. The resulting solution was stirred for 30 min. Then, saturated aqueous NaHCO3 was 
added at 0 °C, and extracted with CH2Cl2 (10 mL×3). The combined organic layer was 
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dried over anhydrous K2CO3, filtered, and concentrated under reduced pressure. The 
resulting residue was purified by column chromatography (silica gel, hexane/EtOAc = 
5→2) to give tosylated alcohol S19 (2.43 g, 6.80 mmol, 68%) as a colorless oil.  
 
S19 : IR (neat)  664 816 908 951 1097 1175 1249 1362 1517 1709 2867 2934 2975 3406 
cm-1 ; 1H NMR (400 MHz, CDCl3)  1.25-1.38 (2H, m), 1.39-1.48 (2H, m), 1.43 (9H, s), 
1.58-1.72 (2H, m), 2.45 (3H, s), 3.05 (2H, q, J = 6.4 Hz), 4.02 (2H, t, J = 6.4 Hz), 4.43-
4.60 (1H, br-s), 7.35 (2H, d, J = 8.3 Hz), 7.79 (2H, d, J = 8.3 Hz) ; 13C NMR (100 MHz, 
CDCl3)  21.3, 22.3, 28.09 (CH3×3), 28.14, 29.1, 39.9, 70.1, 78.5, 127.5 (CH×2), 129.6 
(CH×2), 132.8, 144.5, 155.7 ; MS (ESI) m/z: [M+Na]+ calcd for C17H27NO5SNa 
380.1502 ; Found 380.1494 
 
To a solution of tosylated alcohol S19 (1.87 g, 5.23 mmol) in MeCN (17 mL) was 
added 1-(2-pyrimidyl) piperazine (S20) (1.51 g, 6.18 mmol) and NaHCO3 (1.10 g, 13.1 
mmol) at room temperature, and the solution was stirred under reflux for 20 h. Then, H2O 
was added at 0 °C and extracted with CHCl3 (10 mL×3). The combined organic layer was 
washed with brine, dried over anhydrous MgSO4, filtered, and concentrated under reduce 
pressure. The resulting residue was purified by column chromatography (silica gel, 
hexane/EtOAc = 50) to give a quantitative amount of tert-amine S21 as white amorphas. 
 
S21 : IR (neat)  797 984 1172 1258 1308 1361 1391 1446 1503 1547 1586 1711 2809 
2859 2933 3345 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.28-1.40 (2H, m), 1.44 (9H, s), 
1.47-1.65 (4H, m), 2.36 (2H, dd, J = 6.4, 8.4 Hz), 2.49 (4H, t, J = 5.1 Hz), 3.12 (2H, q, J 
= 6.4 Hz), 3.83 (4H, t, J = 5.1 Hz), 4.48-4.68 (1H, br-s), 6.47 (1H, t, J = 4.7 Hz), 8.30 
(2H, d, J = 4.7 Hz) ; 13C NMR (100 MHz, CDCl3)  24.6, 26.4, 28.3 (CH3×3), 29.8, 40.4, 
43.5 (CH2×2), 53.0 (CH2×2), 58.5, 78.8, 109.7, 155.9, 157.6 (CH×2), 161.6 ; HRMS (EI) 
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m/z: [M]+ calcd for C18H31N5O2 349.2478 ; Found 349.2494 
To a solution of tert-amine S21 (1.73 g, 4.96 mmol) in MeCN (25 mL) was added 
TFA (5 mL) at room temperature, and stirred for 4 h. then, the solution was concentrated 
under reduced pressure to remove the remaining TFA. The resulting residue dissolved to 
aq. NaOH (2 M) and extracted with EtOAc (5 mL×4). The combined organic layer was 
washed with brine, dried over anhydrous Na2SO4, filtered, and concentrated under 
pressure. The resulting crude product was used immediately in the next SN2 reaction 
without purification.  
 
N-(2-((2R*,3R*)-3-ethyloxiran-2-yl) ethyl)-5-(4-(pyrimidin-2-yl) piperazin-1-yl) pentan-
1-amine (63qa) 
 
Yield: 90%, column chromatography (silica gel, CHCl3/MeOH = 80), pale yellow oil, IR 
(neat)  797 984 1134 1259 1308 1359 1392 1446 1500 1547 1585 2809 2854 2931 cm-
1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.30-1.44 (2H, m), 1.48-1.61 
(6H, m), 1.61-1.70 (1H, m), 1.72-1.90 (1H, br-s), 1.84 (1H, dtd, J = 4.5, 7.0, 14.1 Hz), 
2.37 (2H, dd, J = 7.2, 8.0 Hz), 2.49 (4H, t, J = 5.1 Hz), 2.63 (2H, t, J = 7.2 Hz), 2.69 (1H, 
dt, J = 2.3, 5.5 Hz), 2.76 (3H, m), 3.83 (4H, t, J = 5.1 Hz), 6.47 (1H, t, J = 4.8 Hz), 8.30 
(2H, d, J = 4.8 Hz) ; 13C NMR (100 MHz, CDCl3)  9.87, 25.1, 25.3, 26.8, 29.9, 32.4, 
43.7 (CH2×2), 46.8, 49.9, 53.2 (CH2×2), 57.1, 58.7, 59.6, 109.7, 157.7 (CH×2), 161.7 ; 








To a solution of trans-hepta-3,6-dien-1-ol (S22) (1.96 g, 17.5 mmol) in CH2Cl2 (44 
mL) were added VO(acac)2 (232 mg, 0.876 mmol) followed by TBHP (3.55 M, 9.90 mL, 
35.0 mmol) at 0 °C. The reaction mixture was stirred at rt for 11 h. The mixturre was 
quenched acetone/water (60/20 mL). The mixture was extracted with EtOAc and the 
combined organic layers were washed with brine, dried over MgSO4, and concentrated. 
The resulting residue was purified by column chromatography (silica gel, hexane/EtOAc 
= 8→2) to give epoxy alcohol S23 (1.22 g, 9.55 mmol, 55%) as a colorless oil. 
 
S23 : IR (neat)  877 918 997 1053 1198 1246 1363 1419 1437 1465 1642 1653 2924 
2979 3080 3399 3675 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.64-1.78 (1H, m), 1.82-2.02 
(1H, m), 2.19-2.40 (2H, m), 2.45-2.76 (1H, br-s), 2.82-2.96 (2H, m), 3.76 (1H, t, J = 6.0 
Hz), 5.04-5.22 (2H, m), 5.74-5.93 (1H, m) ; 13C NMR (100 MHz, CDCl3)  34.2, 35.9, 
56.2, 57.0, 59.6, 117.4, 132.9 ; HRMS (EI) m/z :[M-H]+ calcd for C7H11O2 127.0759 ; 
found 127.0741. 
 
2-((2R*,3R*)-3-allyloxiran-2-yl)-N-benzylethan-1-amine (63ab)  
 
Yield: 76%, column chromatography (silica gel, hexane/EtOAc = 3→1), yellow oil, IR 
(neat)  699 736 878 916 996 1028 1076 1120 1258 1360 1453 1495 1641 1692 2820 
2916 2977 3027 3063 3311 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.62-1.77 (2H, m), 1.78-
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1.93 (1H, m), 2.15-2.42 (2H, m), 2.67-2.87 (4H, m), 3.80 (2H, s), 5.10 (1H, dd, J = 1.6, 
10.3 Hz), 5.13 (1H, dd, J = 1.6, 17.3 Hz), 5.74-5.93 (1H, m), 7.22-7.34 (5H, m) ; 13C 
NMR (100 MHz, CDCl3)  32.3, 36.1, 46.1, 54.0, 56.9, 57.2, 117.4, 126.9, 128.1 (CH×2), 
128.4 (CH×2), 133.1, 140.2 ; HRMS (EI) m/z: [M]+ calcd for C14H19NO 217.1467 ; 
Found 217.1438 
 




To a solution of phenylacetaldehyde (S24) (1.22 g, 10.1 mmol) in DMSO (10 mL) 
was added malonic acid (2.12 g, 20.4 mmol), AcOH (11 mL, 0.192 mmol) and piperidine 
(20 mL, 0.202 mmol). The mixture was stirred at 100 °C for 16.5 h, and then poured into 
water at 0 °C. after extraction with Et2O (20 mL×3), the combined organic layer was 
washed with H2O and brine, dried over anhydrous MgSO4, filtered and concentration 
under reduced pressure. The resulting crude product was used immediately in the next 
reaction without purification.  
To a suspension of LiAlH4 (852 mg, 22.5 mmol) in Et2O (15 mL) was added 
dropwise a solution of the above crude product in Et2O (15 mL) at 0 °C, and the resulting 
suspension was stirred for 2 h at room temperature. Then, H2O (0.85 mL) and 15% aq. 
NaOH (0.85 mL) was added dropwise followed by H2O (2.6 mL) was added, and the 
resulting suspension was stirred at room temperature. Then, anhydrous MgSO4 was added 
at 0 °C and stirred at room temperature. Then, the resulting suspension was filtered 
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through a celite pad, and the filtrate was concentrated under reduced pressure. The 
resulting crude product was used immediately in the next reaction without purification.  
To a solution of the above crude product in CH2Cl2 (30 mL) was added mCPBA 
(contains ca. 25-31% H2O, 4.85 g, 20.2 mmol) at 0 °C, and stirred for 1.5 h at 0 °C. Then, 
saturated aqueous NaHCO3 and saturated aqueous Na2S2O3 were added at 0 °C, and the 
resulting solution was extracted with CH2Cl2 (15 mL×3). The combined organic layer 
was dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The 
resulting residue was purified by column chromatography (silica gel, hexane/Et2O = 3) 
to give epoxy alcohol S26 (840 mg, 5.12 mmol, 51% for 3 steps) as a colorless oil. 
 
S26 : IR (neat)  698 749 878 1027 1052 1433 1461 1497 2881 2947 3031 3400 cm-1 ; 
1H NMR (400 MHz, CDCl3)  1.85 (1H, tdd, J = 5.6, 6.5, 14.5 Hz), 2.08 (1H, dtd, J = 
4.4, 6.4, 14.5 Hz), 2.08-2.22 (1H, br-s), 3.13 (1H, ddd, J = 2.1, 4.4, 6.5 Hz), 3.71 (1H, d, 
J = 2.1 Hz), 3.84 (2H, dd, J = 5.6, 6.4 Hz), 7.20-7.40 (5H, m) ; 13C NMR (100 MHz, 
CDCl3)  34.6, 58.1, 59.7, 60.9, 125.5 (CH×2), 128.1, 128.4 (CH×2), 137.2 ; MS (ESI) 
m/z: [M+Na]+ calcd for C10H12O2Na 187.0730 ; Found 187.0728 
 
N-benzyl-2-((2R*,3R*)-3-phenyloxiran-2-yl) ethan-1-amine (63ad) 
 
Yield: 47%, column chromatography (silica gel, Hexane/EtOAc = 2+1% Et3N), pale 
yellow oil, IR (neat)  698 745 877 1028 1073 1120 1360 1455 1496 2822 2918 2978 
3027 3061 3085 3313 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.46-1.70 (1H, br-s), 1.76-
1.88 (1H, m), 1.69 (1H, dtd, J = 4.6, 7.0, 14.1 Hz), 2.84 (2H, dt, J = 2.5, 6.9 Hz), 3.03 
(1H, ddd, J = 2.1, 4.6, 6.6 Hz), 3.64 (1H, d, J = 2.1 Hz), 3.81 (2H, s), 7.18-7.42 (10H, 
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m) ; 13C NMR (100 MHz, CDCl3)  32.7, 46.0, 54.0, 58.3, 61.6, 125.5 (CH×2), 126.9, 
128.02, 128.04 (CH×2), 128.36 (CH×2), 128.39 (CH×2), 137.6, 140.2 ; HRMS (EI) m/z: 
[M]+ calcd for C17H19NO2 253.1467 ; Found 253.1475 
 




To a cooled and well stirred mixture of mono alcohol S8 (965 mg, 5.07 mmol) and 
TEMPO (8.21 mg, 52.5 mmol) in CH2Cl2 (12 mL) and saturated aqueous NaHCO3 (6 
mL) containing KBr (60.7 mg, 0.510 mmol) was added dropwise a pre-mixed solution of 
NaOCl·5H2O (918 mg, 5.58 mmol) in saturated aqueous NaHCO3 (6 mL), and the 
resulting mixture was stirred for 10 min at 0 °C. Then, saturated aqueous Na2S2O3 was 
added at 0 °C, and the mixture was extracted with CH2Cl2 (8 mL×5). The combined 
organic layer was washed with brine, dried over MgSO4, filtered, and concentrated under 
reduced pressure. The resulting crude product was used immediately in the next reaction 
without purification.  
To a stirred suspension of Ph3PiPrI (4.35 g, 10.0 mmol) in THF (22 mL) was added 
BuLi (1.56 M in hexane, 5.5 mL) at –78 °C, and the mixture was warmed to room 
temperature. After 15 min, the resulting dark red suspension was cooled to –78 °C. To the 
mixture was added dropwise a solution of the above crude aldehyde in THF (2 mL) at –
78 °C, and the mixture was warmed to room temperature and stirred for 4.5 h. Then, 
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saturated aqueous NH4Cl was added, and the mixture was extracted with Et2O (10 mL×3). 
The combined organic layer was dried over anhydrous MgSO4, filtered, and concentrated 
under reduced pressure. The resulting residue was purified by column chromatography 
(silica gel, hexane/EtOAc = 50) to give alkene S27 (672 mg, 3.14 mmol, 62%) as a 
colorless oil.   
 
S27 : IR (neat)  775 835 937 1006 1059 1096 1254 1362 1383 1463 1472 2858 2929 
2956 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.008 (6H, s), 0.85 (9H, s), 1.58 (3H, s), 1.65 
(3H, s), 2.17 (2H, q, J = 7.2 Hz), 3.53 (2H, t, J = 7.2 Hz), 5.07 (1H, t, J = 7.2 Hz) ; 13C 
NMR (100 MHz, CDCl3)  -5.25 (CH3×2), 17.8, 18.4, 25.7, 26.0 (CH3×3), 32.0, 63.1, 
120.5, 133.4 ; MS (ESI) m/z: [M+H]+ calcd for C12H27OSi 215.1826 ; Found 215.1823 
 
To a solution of alkene S27 (330 mg, 1.54 mmol) in CH2Cl2 (5 mL) was added 
mCPBA (contains ca. 25-31% H2O, 445 mg, 1.82 mmol) at 0 °C, and the mixture was 
stirred for 30 min at 0 °C. Then, saturated aqueous NaHCO3 and saturated aqueous 
Na2S2O3 were added at 0 °C, and the resulting solution was extracted with CH2Cl2 (5 
mL×3). The combined organic layer was dried over MgSO4, filtered, concentrated under 
reduced pressure. The resulting residue was purified by column chromatography (silica 
gel, hexane/EtOAc = 30) to give epoxide S28 (307 mg, 1.33 mmol, 86%) as a colorless 
oil.  
 
S28 : IR (neat)  777 812 835 939 1097 1255 1379 1472 2858 2929 2957 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  0.049 (6H, s), 0.89 (9H, s), 1.26 (3H, s), 1.30 (3H, s), 1.61-1.85 (2H, 
m), 2.83 (1H, t, J = 6.2 Hz), 3.70-3.82 (2H, m) ; 13C NMR (100 MHz, CDCl3)  -5.43, -
5.42, 18.3, 18.9, 24.8, 25.9 (CH3×3), 32.3, 58.1, 60.4, 62.0 ; MS (ESI) m/z: [M+Na]
+ 
calcd for C12H26O2SiNa 253.1594 ; Found 253.1596 
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To a solution of epoxide S28 (307 mg, 1.33 mmol) in THF (2.0 mL) was added 
TBAF (1.0 M in THF, 2.0 mL) at 0 °C, and the mixture was stirred for 30 min at room 
temperature. Then, the mixture was concentrated under reduced pressure. The residue was 
purified by column chromatography (silica gel, hexane/EtOAc = 2) to give a quantitative 
amount of epoxy alcohol S29 as a pale yellow oil.  
 
S29 : IR (neat)  678 848 1014 1055 1117 1253 1380 1459 2925 2961 3427 cm-1 ; 1H 
NMR (400 MHz, CDCl3)  1.23 (3H, d, J = 2.4 Hz), 1.27 (3H, d, J = 2.5 Hz), 1.52-1.73 
(1H, m), 1.74-1.94 (1H, m), 2.65-2.80 (1H, br-s), 2.85, (1H, dddd, J = 2.4, 2.5, 4.9, 7.7 
Hz), 3.66-3.84 (2H, m) ; 13C NMR (100 MHz, CDCl3)  18.7, 24.6, 31.5, 58.2, 60.1, 62.1 ; 
MS (ESI) m/z: [2M+Na]+ calcd for C12H24O4Na 255.1567 ; Found 255.1567 
 
(R*)-N-benzyl-2-(3,3-dimethyloxiran-2-yl) ethan-1-amine (63ae) 
 
Yield: 75%, column chromatography (silica gel, CHCl3/MeOH = 50), pale yellow oil, IR 
(neat)  699 736 805 874 1028 1119 1250 1378 1454 1495 2817 2924 2959 3027 3061 
3325 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.27 (3H, s), 1.31 (3H, s), 1.40-1.62 (1H, br-
s), 1.62-1.73 (1H, m), 1.74-1.89 (1H, m), 2.69-2.90 (2H, m), 2.80 (1H, dd, J = 7.1, 7.4 
Hz), 3.81 (2H, s), 7,18-7.42 (5H, m) ; 13C NMR (100 MHz, CDCl3)  18.8, 24.7, 29.4, 
46.6, 54.0, 57.9, 62.9, 126.8, 128.0 (CH×2), 128.3 (CH×2), 140.2 ; HRMS (EI) m/z: [M]+ 








To a solution of 3,3-dimethylbutanal (S30) (1.5 mL, 12.0 mmol) in DMSO (12 mL) 
was added malonic acid (2.50 g, 24 mmol), AcOH (14 mL, 0.245 mmol) and piperidine 
(24 mL, 0.242 mmol). The mixture was heated to 100 °C for 1 h, and then poured into 
water at 0 °C. after extraction with Et2O (20 mL×3), the combined organic layer was 
washed with H2O and brine, dried over anhydrous MgSO4, filtered and concentration 
under reduced pressure. The resulting crude product was used immediately in the next 
reaction without purification.  
To a suspension of LiAlH4 (962 mg, 25 mmol) in Et2O (20 mL) was added dropwise 
a solution of the above crude product in Et2O (20 mL) at 0 °C, and the resulting 
suspension was stirred for 1 h at room temperature. Then, H2O (1.0 mL) and 15% aq. 
NaOH (1.0 mL) was added dropwise followed by H2O (3.0 mL) was added, and the 
resulting suspension was stirred at room temperature. Then, anhydrous MgSO4 was added 
at 0 °C and stirred at room temperature. Then, the resulting suspension was filtered 
through a celite pad, and the filtrate was concentrated under reduced pressure. The 
resulting residue was purified by column chromatography (silica gel, hexane/Et2O = 2) 
to give homo allyl alcohol S32 (1.23 g, 9.59 mmol, 80%) as a colorless oil. 
 
S32 : IR (neat)  726 1049 1204 1362 1477 2870 2956 3003 3336 cm-1 ; 1H NMR (400 
MHz, CDCl3)  1.01 (9H, s), 1.58-1.68 (1H, br-s), 2.26 (2H, dtd, J = 1.3, 6.4, 6.9 Hz), 
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3.62 (2H, t, J = 6.4 Hz), 5.30 (1H, td, J = 6.9, 15.6 Hz), 5.59 (1H, td, J = 1.3, 15.6 Hz) ; 
13C NMR (100 MHz, CDCl3)  29.7 (CH3×3), 33.0, 36.0, 62.1, 120.2, 145.3 ; MS (ESI) 
m/z: [M+Na]+ calcd for C8H16ONa 151.1093 ; Found 151.1092 
 
To a solution of the homo allyl alcohol S32 (772 mg, 6.02 mmol) in CH2Cl2 (20 mL) 
was added mCPBA (contains ca. 25-31% H2O, 2.22 g, 9.26 mmol) at 0 °C, and stirred for 
1 h at 0 °C. Then, saturated aqueous NaHCO3 and saturated aqueous Na2S2O3 were added 
at 0 °C, and the resulting solution was extracted with CH2Cl2 (10 mL×3). The combined 
organic layer was dried over anhydrous MgSO4, filtered, and concentrated under reduced 
pressure. The resulting residue was purified by column chromatography (silica gel, 
hexane/Et2O = 2→1) to give epoxy alcohol S33 (787 mg, 5.46 mmol, 91%) as a colorless 
oil. 
 
S33 : IR (neat)  820 916 1057 1364 1402 1483 2872 2959 3411 cm-1 ; 1H NMR (400 
MHz, CDCl3)  0.93 (9H, s), 1.64-1.75 (1H, m), 1.87-2.00 (1H, m), 2.15-2.34 (1H, br-s), 
2.59 (1H, d, J = 2.3 Hz), 2.95-3.06 (1H, m), 3.79 (2H, t, J = 6.0 Hz) ; 13C NMR (100 
MHz, CDCl3)  25.7 (CH3×3), 30.6, 34.5, 53.5, 60.1, 66.3 ; MS (ESI) m/z: [M+Na]
+ calcd 
for C8H16O2Na 167.1043 ; Found 167.1044 
 
N-benzyl-2-((2R*,3R*)-3-(tert-butyl) oxiran-2-yl) ethan-1-amine (63af) 
 
Yield: 70%, column chromatography (CHCl3/MeOH = 100), pale yellow oil, IR (neat)  
698 734 822 916 1028 1120 1200 1363 1401 1453 1483 2817 2957 3320 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  1.01 (9H, s), 1.48-1.57 (1H, br-s), 1.83-1.99 (2H, m), 2.65 (1H, d, J 
= 4.4 Hz), 2.75-2.96 (3H, m), 3.82 (2H, d, J = 2.3 Hz), 7.22-7.28 (1H, m), 7.33 (4H, d, J 
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= 7.2 Hz) ; 13C NMR (100 MHz, CDCl3)  27.7 (CH3×3), 29.0, 31.5, 47.8, 54.0, 57.6, 
64.9, 126.9, 128.1 (CH×2), 128.4 (CH×2), 140.3 ; HRMS (EI) m/z: [M]+ calcd for 
C15H23NO2 233.1780 ; Found 233.1812 
 




To a mixture of alcohol S8 (2.91 g, 15.3 mmol) and AZADOL (120 mg, 0.780 mmol) 
in CH2Cl2 (75 mL) was added PhI(OAc)2 (5.95 g, 18.5 mmol) at room temperature. After 
2 h, Wittig reagent (1.56 g, 6.19 mmol) was added to the above crude solution, and stirred 
at room temperature for 1 h. Then, saturated aqueous NaHCO3 was added, and extracted 
with CH2Cl2 (20 mL×3). The combined organic layer was dried over MgSO4, filtered, 
and concentrated under reduced pressure. The resulting residue was purified by column 
chromatography (silica gel, hexane/EtOAc = 50) to give unsaturated ester S34 (3.44 g, 
12.0 mmol, 78%) as a colorless oil. 
 
S34 : IR (neat)  777 838 981 1097 1157 1226 1256 1292 1317 1367 1390 1472 1656 
1717 2858 2930 2955 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.052 (6H, s), 0.89 (9H, s), 
1.48 (9H, s), 2.38 (2H, td, J = 6.7, 7.0 Hz), 3.71 (2H, t, J = 6.7 Hz), 5.79 (1H, d, J = 15.7 
Hz), 6.85 (1H, td, J = 7.0, 15.7 Hz) ; 13C NMR (100 MHz, CDCl3)  -5.37 (CH3×2), 18.3, 
25.8 (CH×3), 28.1 (CH×3), 35.5, 61.6, 80.0, 124.7, 144.4, 165.8 ; MS (ESI) m/z: 
[M+Na]+ calcd for C15H30O3SiNa 309.1856 ; Found 309.1854 
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To a solution of unsaturated ester S34 (945 mg, 3.30 mmol) in CH2Cl2 (16 mL) was 
added mCPBA (contains 25-31% H2O, 1.41 g, 5.88 mmol) at 0 °C, and stirred for 6 h at 
50 °C. Then, additional mCPBA (1.74 g, 7.26 mmol) was added, and stirred 3 h at 50 °C 
and other 1 h stirred at 60 °C. Then, saturated aqueous NaHCO3 and saturated aqueous 
Na2S2O3 were added at 0 °C, and the resulting solution was extracted with CH2Cl2 (10 
mL×3). The combined organic layer was dried over MgSO4, filtered, concentrated under 
reduced pressure. The resulting residue was purified column chromatography (silica gel, 
hexane/EtOAc = 30) to give epoxide S35 (826 mg, 2.73, 83%) as a colorless oil. 
 
S35 : IR (neat)  777 837 1101 1160 1220 1253 1369 1472 1747 2858 2930 2955 cm-1 ; 
1H NMR (400 MHz, CDCl3)  0.06 (3H, s), 0.07 (3H, s), 0.90 (9H, s), 1.48 (9H, s), 1.75-
1.85 (2H, m), 3.17 (1H, d, J = 1.8 Hz), 3.22 (1H, dt, J = 1.8, 5.6 Hz), 3.76 (2H, dd, J = 
5.6, 6.3 Hz) ; 13C NMR (100 MHz, CDCl3)  -5.49, -5.45, 18.2, 25.9 (CH3×3), 28.0 
(CH3×3), 34.7, 53.8, 56.0, 59.5, 82.2, 168.3 ; MS (ESI) m/z: [M+Na]
+ calcd for 
C15H30O4SiNa 325.1806 ; Found 325.1802 
 
To a stirred solution of epoxide S35 (826 mg, 2.73 mmol) in THF (4 mL) was added 
TBAF (1.0 mol/L in THF, 4 mL) at 0 °C, and the mixture was stirred for 20 min at room 
temperature. Then, the mixture was concentrated under reduced pressure. The residue was 
purified by column chromatography (silica gel, hexane/EtOAc = 3→1) to give epoxy 
alcohol S36 (473 mg, 2.51 mmol, 92%) as a yellow oil. 
 
S36 : IR (neat)  844 896 1051 1160 1220 1251 1318 1369 1442 1742 2881 2934 2979 
3449 cm-1 : 1H NMR (400 MHz, CDCl3)  1.49 (9H, s), 1.66-1.82 (1H, m), 2.05 (1H, 
dtd, J=3.9, 6.5, 14.5 Hz), 2.16-2.48 (1H, br-d, J = 36.8 Hz), 3.21 (1H, d, J = 2.0 Hz), 3.27 
(1H, ddd, J = 2.0, 3.9, 6.5 Hz), 3.80 (2H, t, J = 6.0 Hz) ; 13C NMR (100 MHz, CDCl3)  
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27.9 (CH3×3), 33.9, 53.3, 55.9, 59.2, 82.5, 168.1 ; MS (ESI) m/z: [M+Na]
+ calcd for 
C9H16O4Na 211.0941 ; Found 211.0938 
 
tert-butyl (2S*, 3R*)-3-(2-(benzylamino) ethyl) oxirane-2-carboxylate (63af) 
 
Yield: 88%, column chromatography (silica gel, hexane/EtOAc = 1.5 → CHCl3/MeOH 
= 50), pale yellow oil, IR (neat)  699 736 848 902 966 1028 1159 1217 1248 1306 1368 
1393 1454 1495 1743 2822 2932 2979 3061 3333 cm-1 ; 1H NMR (400 MHz, CDCl3)  
1.48 (9H, s), 1.68 (1H, m), 1.95 (1H, m), 2.81 (2H, dt, J = 1.3, 6.8), 3.14 (1H, J = 1.9 Hz), 
3.18 (1H, ddd, J = 1.9, 4.2, 6.8 Hz), 3.80 (2H, s), 7.20-7.36 (5H, m) ; 13C NMR (100 MHz, 
CDCl3)  27.9 (CH3×3), 31.9, 45.8, 53.5, 54.0, 56.7, 82.3, 126.6, 128.0 (CH×2), 128.4 
(CH×2), 140.2, 168.2 ; HRMS (EI) m/z: [M]+ calcd for C16H23NO3 277.1678 ; Found 
277.1691 
 




To a solution of cis-3-hexen-1-ol S37 (3.07 g, 30.7 mmol) in CH2Cl2 (100 mL) was 
added mCPBA (contains 25-31% H2O, 8.64 g, 36.0 mmol) at 0 °C, and stirred for 1 h at 
0 °C. Then, saturated aqueous NaHCO3 and saturated aqueous Na2S2O3 were added at 
0 °C, and the resulting solution was extracted with CH2Cl2 (25 mL×3). The combined 
organic layer was dried over MgSO4, filtered, concentrated under reduced pressure. The 
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resulting residue was purified column chromatography (silica gel, hexane/Et2O = 2→1) 
to give epoxy alcohol S38 (2.89g, 24.9 mmol, 81%) as a colorless oil. 
 
S38 : IR (neat)  668 738 780 814 869 905 995 1059 1147 1199 1274 1392 1469 1650 
2879 2972 3399 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.06 (3H, t, J = 7.6 Hz), 1.48-1.65 
(3H, m), 1.65-1.80 (2H, m), 1.88 (1H, dddd, J = 4.7, 5.4, 6.8, 14.3 Hz), 2.92 (1H, dt, J = 
4.4, 6.3 Hz), 3.11 (1H, td, J = 4.4, 7.9 Hz), 3.75-3.95 (2H, m) ; 13C NMR (100 MHz, 
CDCl3)  10.3, 21.0, 30.4, 55.0, 57.9, 60.2 ; MS (ESI) m/z: [M+Na]
+ calcd for C6H12O2Na 
139.0730 ; Found 139.0728 
 
N-benzyl-2-((2R*,3S*)-3-ethyloxiran-2-yl) ethan-1-amine (66aa) 
 
Yield: 84%, column chromatography (CHCl3/MeOH = 100→50), pale yellow oil, IR 
(neat)  699 737 817 907 1120 1454 1495 2820 2876 2934 2970 3027 3061 3313 cm-1 ; 
1H NMR (400 MHz, CDCl3)  1.03 (3H, t, J = 7.5 Hz), 1.40-1.63 (3H, m), 1.64-1.73 (1H, 
m), 1.73-1.86 (1H, m), 2.75-2.93 (3H, m), 3.00 (1H, td, J = 4.6, 7.4 Hz), 3.81 (2H, s), 
7.10-7.44 (5H, m) ; 13C NMR (100 MHz, CDCl3)  10.5, 21.2, 28.3, 46.7, 54.01, 55.8, 
58.0, 126.9, 128.0 (CH×2), 128.4 (CH×2), 140.3 ; MS (EI) m/z: [M]+ calcd for C13H19NO 








Reaction time : 5 h, yield : 92% (19:1), column chromatography (silica gel, CHCl3/MeOH 
= 50), pale yellow oil, IR (neat)  699 740 912 1012 1029 1074 1095 1216 1321 1355 
1381 1453 1495 2795 2875 2932 2963 3028 3063 3350 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  0.99 (3H, t, J = 7.4 Hz), 1.35-1.54 (1H, m), 1.60 (2H, dd, J = 7.0, 13.4 Hz), 
1.64-1.77 (1H, m), 1.80-2.09 (2H, m), 2.32 (1H, td, J = 3.6, 8.3 Hz), 2.45 (1H, dt, J = 7.0, 
9.4 Hz), 2.81 (1H, t, J = 8.0 Hz), 3.35 (1H, d, J = 13.0 Hz), 3.96 (1H, d, J = 13.0 Hz), 
4.06 (1H, ddd, J = 2.3, 3.6, 6.4 Hz), 7.17-7.42 (5H, m) ; 13C NMR (100 MHz, CDCl3)  
9.93, 24.2, 33.4, 51.3, 58.6, 74.0, 76.0, 126.8, 128.2 (CH×2), 128.8 (CH×2), 139.3 ; 
HRMS (EI) m/z: [M]+ calcd for C13H19NO 205.1467 ; Found 205.1468 
 
(2R*,3S*)-2-ethyl-1-(4-methoxybenzyl) pyrrolidin-3-ol (64ba) 
 
Reaction time : 5 h, yield : 90%, column chromatography (silica gel, hexane/EtOAc = 
2→1→1/2), pale yellow oil, IR (neat)  821 1036 1097 1177 1248 1301 1463 1511 1612 
2798 2834 2932 2961 3367 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.98 (3H, t, J = 7.5 Hz), 
1.36-1.50 (1H, m), 1.60 (1H, tdd, J = 1.8, 6.9, 13.3 Hz), 1.64-1.90 (2H, m), 1.93-2.08 (1H, 
m), 2.29 (1H, td, J = 3.5, 8.3 Hz), 2.43 (1H, dd, J = 6.9, 9.2 Hz), 2.79 (1H, dt, J = 1.2, 8.3 
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Hz), 3.30 (1H, d, J = 12.8 Hz), 3.79 (3H, s), 3.90 (1H, d, J = 12.8 Hz), 4.06 (1H, ddd, J = 
2.2, 3.5, 6.6 Hz), 6.84 (2H, d, J = 8.5 Hz), 7.22 (2H, d, J = 8.5 Hz) ; 13C NMR (100 MHz, 
CDCl3)  9.99, 24.2, 33.4, 51.2, 55.2, 57.9, 73.9, 76.2, 113.6 (CH×2), 130.0 (CH×2), 
131.4, 158.6 ; HRMS (EI) m/z: [M]+ calcd for C14H21NO2 235.1572 ; Found 235.1590 
 
(2R*,3S*)-2-ethyl-1-(4-(trifluoromethyl) benzyl) pyrrolidin-3-ol (64ca) 
 
Reaction time : 5 h, yield : 93%, column chromatography (silica gel, CHCl3/MeOH = 80), 
yellow oil, IR (neat)  822 845 1018 1066 1124 1163 1326 1417 1619 2807 2877 2934 
2966 3357 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.99 (3H, t, J = 7.5 Hz), 1.37-1.52 (1H, 
m), 1.57-1.75 (2H, m), 1.92-2.16 (2H, m), 2.36 (1H, td, J = 3.6, 8.1 Hz), 2.44 (1H, ddd, 
J = 6.9, 9.1, 12.7 Hz), 2.80 (1H, ddd, J = 1.6, 7.6, 9.1 Hz), 3.41 (1H, d, J = 13.5 Hz), 4.01 
(1H, d, J = 13.5 Hz), 4.08 (1H, ddd, J = 2.1, 3.6, 6.6 Hz), 7.44 (2H, d, J = 8.1 Hz), 7.56 
(2H, d, J = 8.1 Hz) ; 13C NMR (100 MHz, CDCl3)  9.86, 24.3, 33.5, 51.4, 58.2, 74.1, 
75.9, 124.3 (q, J = 273 Hz), 125.1 (CH×2, q, J = 3.8 Hz), 128.8 (CH×2), 129.1 (q, J = 32 




Reaction time : 5 h, yield : 91% (17:1), column chromatography (silica gel, CHCl3/MeOH 
= 8), pale yellow oil, IR (neat)  1031 1168 1226 1247 1281 1462 2807 2878 2934 2961 
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3400 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.93 (3H, t, J = 7.2 Hz), 0.99 (3H, t, J = 7.4 
Hz), 1.29-1.45 (3H, m), 1.47-1.59 (2H, m), 1.61-1.71 (1H, m), 1.75 (1H, dd, J = 6.9, 13.5 
Hz), 2.00-2.14 (1H, m), 2.36-2.49 (2H, m), 2.63 (1H, ddd, J = 7.0, 9.8, 10.5 Hz), 2.82 
(1H, ddd, J = 6.6, 9.8, 11.8 Hz), 3.18 (1H, t, J = 8.5 Hz), 3.30-3.92 (1H, br-s), 4.03-4.14 
(1H, m) ; 13C NMR (100 MHz, CDCl3)  10.5, 13.9, 20.6, 24.3, 29.9, 33.2, 51.8, 55.0, 




Reaction time : 4.5 h, yield : 86% (7:1), column chromatography (NH-silica gel, 
hexane/CHCl3 = 10→2), white crystal, m.p. 81.5-84.3 °C ; IR (neat)  836 909 987 1115 
1192 1229 1319 1366 1391 1463 2872 2933 2968 3349 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  0.91 (3H, t, J = 7.6 Hz), 1.02-1.31 (2H, m), 1.09 (9H, s), 1.47 (1H, dqd, J = 2.7, 
7.6, 14.0), 1.72 (1H, dd, J = 5.0, 13.0 Hz), 1.84-2.03 (1H, m), 2.58 (1H, d, J = 11.1 Hz), 
2.80-2.95 (2H, m), 4.00 (1H, d, J = 3.5 Hz) ; 13C NMR (100 MHz, CDCl3)  11.6, 27.0 
(CH3×3), 31.2, 32.9, 45.2, 53.1, 68.7, 75.6 ; HRMS (EI) m/z: [M]
+ calcd for C10H21NO2 




Reaction time : 8 h, yield : 79%, column chromatography (silica gel, hexane/EtOAc = 
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1→1+5% Et3N), yellow oil, IR (neat)  868 917 993 1118 1214 1261 1319 1351 1381 
14191461 1643 2807 2875 2929 2963 3078 3365 cm-1 ; 1H NMR (400 MHz, CDCl3)  
0.97 (3H, t, J = 7.5 Hz), 1.28-1.46 (1H, m), 1.56-1.74 (2H, m), 1.89-2.18 (2H, m), 2.22 
(1H, td, J = 3.6, 8.8 Hz), 2.49 (1H, ddd, J = 6.9, 9.2, 10.6 Hz), 2.86-3.04 (2H, m), 3.41 
(1H, tdd, J = 1.4, 5.7, 13.3 Hz), 3.98-4.10 (1H, m), 5.10 (1H, dddd, J = 0.85, 1.2, 2.2, 
10.1 Hz), 5.19 (1H, dddd, J = 1.2, 1.7, 1.9, 17.0 Hz), 5.83-6.00 (1H, m) ; 13C NMR (100 
MHz, CDCl3)  10.3, 24.6, 33.4, 51.4, 57.4, 73.9, 76.2, 117.0, 135.7 ; HRMS (EI) m/z: 
[M]+ calcd for C9H17NO 155.1310 ; Found 155.1325 
 
(2R*,3S*)-2-ethyl-1-(prop-2-yn-1-yl) pyrrolidin-3-ol (64ga) 
 
Reaction time : 4 h, yield : 91%, column chromatography (silica gel, hexane/EtOAc = 
1→1+5% Et3N), pale yellow oil, IR (neat)  672 912 1012 1077 1115 1216 1282 1329 
1383 1433 1462 2837 2876 2931 2965 3295 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.98 
(3H, t, J = 7.5 Hz), 1.29-1.45 (1H, m), 1.56-1.73 (2H, m), 1.76-2.00 (1H, br-d, 53 Hz), 
2.00-2.15 (1H, m), 2.23 (1H, t, J = 2.4 Hz), 2.42 (1H, td, J = 3.9, 8.2 Hz), 2.84 (1H, ddd, 
J = 6.9, 9.0, 10.8 Hz), 2.92 (1H, ddd, J = 1.5, 8.0, 8.8 Hz), 3.42 (1H, dd, J = 2.2, 17.3 Hz), 
3.53 (1H, dd, J = 2.2, 17.3 Hz), 4.03 (1H, ddd, J = 2.0, 3.8, 6.7 Hz) ; 13C NMR (100 MHz, 
CDCl3)  10.1, 24.6, 33.4, 41.0, 50.3, 71.4, 72.8, 76.1, 79.1 ; HRMS (EI) m/z: [M]
+ calcd 






Reaction time : (CH2Cl)2, 3 h, yield : 88%, column chromatography (silica gel, 
hexane/EtOAc = 8), white amorphas, IR (neat)  691 745 991 1037 1085 1173 1366 1462 
1480 1505 1597 2873 2960 3337 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.00 (3H, t, J = 
7.6 Hz), 1.12-1.28 (1H, m), 1.49-1.62 (1H, br-s), 1.76 (1H, dqd, J = 3.0, 7.6, 14.1 Hz), 
2.00 (1H, dddd, J = 0.85, 1.1, 6.6, 13.5 Hz), 2.21 (1H, dddd, J = 4.2, 9.3, 10.3, 13.5 Hz), 
3.33-3.49 (3H, m), 4.25 (1H, d, J = 3.5 Hz), 6.56 (2H, d, J = 8.7 Hz), 6.67 (1H, t, J = 7.3 
Hz), 7.22 (2H, dd, J = 7.3, 8.7 Hz) ; 13C NMR (100 MHz, CDCl3)  10.8, 24.5, 31.9, 45.5, 
69.6, 74.6, 111.9 (CH×2), 115.7, 129.2 (CH×2), 147.2 ; HRMS (EI) m/z: [M]+ calcd for 
C12H17NO 191.1310 ; Found 191.1321 
 
(2R*,3S*)-2-ethyl-1-(4-methoxyphenyl) pyrrolidin-3-ol (64ia) 
 
Reaction time : (CH2Cl)2, 2 h, yield : 86%, column chromatography (silica gel, 
hexane/EtOAc = 5), dark brown amorphas, IR (neat)  785 812 990 1040 1178 1240 1274 
1364 1464 1481 1513 2833 2874 2933 2959 3368 cm-1 ; 1H NMR (400 MHz, CDCl3) 
 0.99 (3H, t, J = 7.5 Hz), 1.10-1.30 (1H, m), 1.52-1.66 (1H, br-s), 1.71 (1H, dqd, J = 3.1, 
7.5, 14.0 Hz), 1.98 (1H, dd, J = 6.6, 13.5 Hz), 2.11-2.28 (1H, m), 3.28-3.45 (3H, m), 3.75 
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(3H, s), 4.23 (1H, d, J = 4.1 Hz), 6.52 (2H, d, J = 9.0 Hz), 6.84 (2H, d, J = 9.0 Hz) ; 13C 
NMR (100 MHz, CDCl3)  10.8, 24.6, 32.2, 46.1, 56.0, 70.1, 75.1, 112.7 (CH×2), 115.1 
(CH×2), 142.2, 151.0 ; HRMS (EI) m/z: [M]+ calcd for C13H19NO2 221.1416 ; Found 
221.1422 
 
ethyl 4-((2R*,3S*)-2-ethyl-3-hydroxypyrrolidin-1-yl) benzoate (64ja) 
 
Reaction time : (CH2Cl)2, 1.5 h, yield : 99%, column chromatography (silica gel, 
hexane/EtOAc = 5), white amorphas, IR (neat)  770 829 991 1025 1107 1181 1281 1383 
1464 1476 1523 1605 1679 1700 2873 2934 2963 3432 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  1.00 (3H, t, J = 7.4 Hz), 1.12-1.30 (1H, m), 1.35 (3H, t, J = 7.1 Hz), 1.73 (1H, 
dqd, J = 3.1, 7.4, 14.0 Hz), 1.88-2.00 (1H, br-s), 2.01-2.11 (1H, m), 2.16-2.32 (1H, m), 
3.43-3.52 (2H, m), 3.53 (1H, dd, J = 2.8, 10.3 Hz), 4.28-4.31 (1H, m), 4.30 (2H, q, J = 
7.1 Hz), 6.48 (2H, d, J = 9.0 Hz), 7.88 (2H, d, J = 9.0 Hz) ; 13C NMR (100 MHz, CDCl3) 
 10.8, 14.4, 24.4, 31.7, 45.6, 60.1, 69.4, 74.5, 111.0 (CH×2), 116.9, 131.3 (CH×2), 150.4, 




(2R*,3S*)-2-ethyl-1-(5-((4-methoxybenzyl) oxy) pentyl) pyrrolidin-3-ol (64ka) 
 
Reaction time : 18.5 h, yield : 88%, column chromatography (silica gel, CHCl3/MeOH = 
30→10+1% Et3N), pale yellow oil, IR (neat)  820 1036 1094 1173 1247 1301 1359 1462 
1513 1612 2792 2859 2934 3414 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.95 (3H, t, J = 
7.5 Hz), 1.28-1.44 (3H, m), 1.44-1.58 (2H, m), 1.58-1.72 (4H, m), 1.96-2.09 (1H, m), 
2.16 (1H, td, J = 3.5, 8.7 Hz), 2.25 (1H, ddd, J = 5.3, 8.9, 11.7 Hz), 2.42 (1H, ddd, J = 
7.0, 9.1, 10.5 Hz), 2.70 (1H, ddd, J = 6.8, 9.3, 11.7 Hz), 3.00 (1H, dt, J = 1.4, 7.7 Hz), 
3.43 (2H, t, J = 6.6 Hz), 3.80 (3H, s), 4.01 (1H, ddd, J = 2.2, 3.5, 5.7 Hz), 4.42 (2H, s), 
6.87 (2H, d, J = 8.5 Hz), 7.25 (2H, d, J = 8.5 Hz) ; 13C NMR (100 MHz, CDCl3)  10.3, 
24.2, 24.5, 28.2, 29.6, 33.4, 51.4, 54.7, 55.2, 70.0, 72.5, 74.7, 75.9, 113.7 (CH×2), 129.2 
(CH×2), 130.7, 159.1 ; HRMS (EI) m/z: [M]+ calcd for C19H31NO3 321.2304 ; Found 
321.2281 
 
(2R*,3S*)-1-(3-((tert-butyldimethylsilyl) oxy) propyl)-2-ethylpyrrolidin-3-ol (64la) 
 
Reaction time : 20.5 h, yield : 94%, column chromatography (CHCl3/MeOH = 30→10), 
pale yellow oil, IR (neat)  775 837 987 1007 1099 1215 1254 1361 1386 1463 1471 
2801 2858 2929 2956 3349 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.046 (6H, s), 0.89 (9H, 
s), 0.95 (3H, t, J = 7.4 Hz), 1.23-1.44 (1H, m), 1.50-1.76 (4H, m), 1.76-1.95 (1H, br-s), 
1.95-2.10 (1H, m), 2.18 (1H, td, J = 3.6, 8.6 Hz), 2.31 (1H, ddd, J = 5.6, 8.6, 12.0 Hz), 
 86 
2.45 (1H, ddd, J = 7.0, 9.1, 10.5 Hz), 2.82 (1H, ddd, J = 6.9, 9.1, 12.0 Hz), 3.00 (1H, dt, 
J = 1.6, 8.4 Hz), 3.65 (2H, t, J = 6.3 Hz), 4.02 (1H, ddd, J = 2.1, 3.4, 6.8 Hz) ; 13C NMR 
(100 MHz, CDCl3)  -5.33, -5.31, 10.2, 18.3, 24.4, 25.9 (CH3×3), 31.7, 33.4, 51.2, 51.3, 
61.5, 74.6, 76.1 ; HRMS (EI) m/z: [M]+ calcd for C15H33NO2Si 287.2281 ; Found 
287.2270 
 
tert-butyl (5-((2R*,3S*)-2-ethyl-3-hydroxypyrrolidin-1-yl) pentyl) carbamate (64ma) 
 
Reaction time : 24 h, yield : 90%, column chromatography (silica gel, CHCl3/MeOH = 
10→4), pale yellow oil, IR (neat)  733 779 869 915 1011 1090 1173 1252 1278 1365 
1390 1456 1529 1690 2802 2863 2933 2965 3344 cm-1; 1H NMR (400 MHz, CDCl3)  
0.96 (3H, t, J = 7.4 Hz), 1.24-1.38 (3H, m), 1.44 (9H, s), 1.46-1.57 (5H, m), 1.58-1.71 
(2H, m), 2.04 (1H, dddd, J = 7.1, 7.6, 10.6, 13.6), 2.18 (1H, td, J = 3.5, 8.7 Hz), 2.44 (1H, 
ddd, J = 7.0, 9.1, 10.5 Hz), 2.64-2.79 (1H, m), 3.02 (1H, t, J = 7.7 Hz), 3.11 (2H, dd, J = 
6.4, 12.6 Hz), 4.03 (1H, ddd, J = 2.1, 3.5, 6.5 Hz), 4.44-4.70 (1H, br-s) ; 13C NMR (100 
MHz, CDCl3)  10.3, 24.4, 24.6, 27.8, 28.4 (CH3×3), 29.8, 33.3, 40.4, 51.4, 54.6, 74.8, 





(2R*,3S*)-2-ethyl-1-(2-(2-methyl-1,3-dioxolan-2-yl) ethyl) pyrrolidin-3-ol (64na) 
 
Reaction time : 6 h, yield : 90%, column chromatography (silica gel, CHCl3/MeOH = 
30→10), pale yellow oil, IR (neat)  862 1060 1135 1171 1218 1309 1378 1461 2818 
2877 2933 2962 3409 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.97 (3H, t, J = 7.5 Hz), 1.24-
1.40 (1H, m), 1.34 (3H, s), 1.58-1.72 (2H, m), 1.79-1.98 (3H, m), 2.04 (1H, dddd, J = 6.9, 
7.6, 10.6, 13.5 Hz), 2.19 (1H, td, J = 3.6, 8.9 Hz), 2.39 (1H, dt, J = 5.3, 11.4 Hz), 2.48 
(1H, ddd, J = 6.9, 9.0, 10.6 Hz), 2.87 (1H, dt, J = 5.3, 11.6 Hz), 3.00 (1H, dt, J = 1.6, 8.4 
Hz), 3.90-3.96 (4H, m), 4.03 (1H, ddd, J = 2.2, 3.2, 6.5 Hz) ; 13C NMR (100 MHz, CDCl3) 
 10.4, 24.0 (CH×2), 24.5, 33.4, 37.5, 49.4,51.3, 64.5, 74.6, 76.0, 109.3 ; HRMS (EI) m/z: 
[M]+ calcd for C12H23NO3 229.1678 ; Found 229.1665 
 
3-((2R*,3S*)-2-ethyl-3-hydroxypyrrolidin-1-yl) propanenitrile (6oa) 
 
Reaction time : 24 h, yield : 94%, column chromatography (silica gel, CHCl3/MeOH = 
50), pale yellow oil, IR (neat)  987 1124 1360 1459 2249 2814 2933 2963, 3418 cm-1 ; 
1H NMR (400 MHz, CDCl3)  0.96 (3H, t, J = 7.4 Hz), 1.30-1.44 (1H, m), 1.48-1.64 (1H, 
m), 1.71 (1H, tdd, J = 1.8, 6.8, 13.4 Hz), 1.70-1.92 (1H, br-s), 1.95-2.14 (1H, m), 2.35 
(1H, td, J = 3.4, 8.1 Hz), 2.50 (2H, dd, J = 6.7, 7.3 Hz), 2.57 (1H, ddd, J = 6.8, 8.5, 10.5 
Hz), 2.71 (1H, td, J = 6.4, 12.5 Hz), 3.00-3.12 (2H, m), 4.05 (1H, ddd, J = 2.2, 2.7, 6.0 
Hz) ; 13C NMR (100 MHz, CDCl3)  10.0, 17.3, 24.8, 33.5, 49.7, 50.8, 73.9, 75.5, 118.9 ; 
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HRMS (EI) m/z: [M]+ calcd for C9H16N2O 168.1263 ; Found 168.1282 
 
(2R*,3S*)-2-ethyl-1-(3-(methylthio) propyl) pyrrolidin-3-ol (64pa) 
 
Reaction time : 5 h, yield : 94%, column chromatography (silica gel, CHCl3/MeOH = 
50→30→10), pale yellow oil, IR (neat)  989 1120 1215 1276 1359 1382 1437 2798 
2874 2930 2960 3367 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.96 (3H, t, J = 7.5 Hz), 1.26-
1.44 (1H, m), 1.56-1.74 (2H, m), 1.74-1.87 (2H, m), 1.90-2.08 (1H, m), 2.10 (3H, s), 2.22 
(1H, td, J = 3.5, 8.6 Hz), 2.37 (1H, td, J = 6.7, 12.0 Hz), 2.42-2.61 (3H, m), 2.84 (1H, td, 
J = 8.0, 12.0 Hz), 3.01 (1H, dt, J = 1.4, 8.3 Hz), 4.03 (1H, ddd, J = 2.2, 3.2, 6.7 Hz) ; 13C 
NMR (100 MHz, CDCl3)  10.2, 15.5, 24.4, 27.9, 32.1, 33.4, 51.3, 53.4, 74.7, 75.8 ; 
HRMS (EI) m/z: [M]+ calcd for C10H21NOS 203.1344 ; Found 203.1343 
 
(2R*,3S*)-2-ethyl-1-(5-(4-(pyrimidin-2-yl) piperazin-1-yl) pentyl) pyrrolidin-3-ol 
(64qa) 
 
Reaction time : 6 h, yield : 97% (10:1), column chromatopraphy (NH-silica gel, 
hexane/CHCl3 = 1→ CHCl3 only), pale yellow oil, IR (neat)  797 984 1138 1259 1308 
1360 1392 1447 1500 1548 1586 2807 2858 2934 3371 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  0.97 (3H, t, J = 7.5 Hz), 1.28-1.44 (3H, m), 1.48-1.72 (6H, m), 1.98-2.12 (1H, 
m), 2.16-2.24 (1H, m), 2.25-2.34 (1H, m), 2.37 (2H, t, J = 7.8 Hz), 2.42-1.60 (2H, m), 
 89 
2.49 (4H, t, J = 5.1 Hz), 2.74 (1H, ddd, J = 6.9, 9.4, 11.6 Hz), 3.05 (1H, t, J = 8.0 Hz), 
3.83 (4H, t, J = 5.1 Hz), 4.04 (1H, ddd, J = 2.2, 3.0, 6.5 Hz), 6.47 (1H, t, J = 4.8 Hz), 8.30 
(2H, d, J = 4.8 Hz) ; 13C NMR (100 MHz, CDCl3)  10.4, 24.5, 25.5, 26.7, 28.3, 33.4, 
43.6 (CH2×2), 51.4, 53.1 (CH2×2), 54.7, 58.8, 74.8, 75.9, 109.8, 157.7 (CH×2), 161.6 ; 




Reaction time : 3 h, yield : < 96% (7:1), column chromatography (silica gel, 
CHCl3/MeOH = 50), pale yellow oil, IR (neat)  700 745 913 997 1029 1075 1212 1356 
1453 1495 1640 2797 2929 3029 3063 3399 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.61 
(1H, tdd, J = 2.3, 7.4, 13.3 Hz), 1.96-2.07 (1H, m), 2.14-2.28 (1H, m), 2.38-2.53 (3H, m), 
2.82 (1H, ddd, J = 1.9, 7.4, 9.3 Hz), 3.35 (1H, d, J = 12.9 Hz), 4.00 (1H, d, J = 12.9 Hz), 
4.08 (1H, ddd, J = 2.8, 3.6, 7.2 Hz), 5.06-5.22 (2H, m), 5.84-6.04 (1H, m), 7.22-7.61 (1H, 
m), 7.28-7.39 (4H, m) ; 13C NMR (100 MHz, CDCl3)  32.6, 36.2, 51.3, 58.4, 71.8, 75.9, 
117.1, 126.9, 128.2 (CH×2), 128.8 (CH×2), 135.5, 139.2 ; HRMS (EI) m/z: [M]+ calcd 




Reaction time : 1.5 h, yield : 96%, column chromatography (silica gel, hexane/EtOAc = 
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8), white solid, m.p. 72.2-73.0 °C ; IR (neat)  699 757 1028 1076 1155 1213 1366 1453 
1493 2793 2932 3028 3060 3350 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.70 (1H, dddd, J 
= 2.6, 4.6, 8.7, 13.3 Hz), 1.73-1.85 (1H, br-s), 2.23 (1H, qt, J = 8.5, 13.3 Hz), 2.47 (1H, 
q, J = 9.0 Hz), 3.03 (1H, ddd, J = 2.6, 8.6, 9.1 Hz), 3.12 (1H, d, J = 13.2 Hz), 3.26 (1H, 
d, J = 6.0 Hz), 3.81 (1H, d, J = 13.2 Hz), 4.09 (1H, ddd, J = 4.6, 6.0, 8.5 Hz), 7.19-7.32 
(6H, m), 7.38 (2H, dd, J = 7.4, 7.6 Hz), 7.49 (1H, d, J = 7.4 Hz) ; 13C NMR (100 MHz, 
CDCl3)  32.1, 50.9, 57.9, 77.5, 79.8, 126.8, 127.6, 127.7 (CH×2), 128.1 (CH×2), 128.66 
(CH×2), 128.67 (CH×2), 139.0, 141.2 ; HRMS (EI) m/z: [M]+ calcd for C17H19NO2 




Reaction time : (CH2Cl)2, 4 h, yield : 87% (13:1), column chromatography (silica gel, 
CHCl3/MeOH = 50), pale yellow oil, IR (neat)  698 734 1025 1083 1160 1197 1256 
1362 1453 1495 2789 2929 2963 3028 3062 3393 cm-1 ; 1H NMR (400 MHz, CDCl3)  
1.02 (3H, s), 1.11 (3H, s), 1.61 (1H, dddd, J = 3.7, 5.3, 9.8, 13.8 Hz), 1.92-2.10 (1H, br-
s), 2.15 (1H, dddd, J = 4.7, 7.0, 10.1, 13.8 Hz), 2.46 (1H, ddd, J = 5.3, 9.8, 10.1 Hz), 2.72 
(1H, dt, J = 4.7, 9.8 Hz), 3.46 (1H, d, J = 13.0 Hz), 3.65 (1H, d, J = 13.0 Hz), 3.76 (1H, 
dd, J = 3.7, 7.0 Hz) ; 13C NMR (100 MHz, CDCl3)  18.2, 19.6, 30.7, 48.0, 52.7, 63.1, 
79.4, 126.7, 128.2 (CH×2), 128.4 (CH×2), 140.2 ; HRMS (EI) m/z: [M]+ calcd for 






Reaction time : (CH2Cl)2, 2 h, yield : 84%, column chromatography (silica gel, 
CHCl3/MeOH = 80), pale yellow oil, IR (neat)  701 734 796 902 1011 1054 1086 1158 
1244 1303 1361 1389 1454 1479 1495 2867 2952 3028 3062 3173 3447 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  0.90 (9H, s), 1.95 (1H, m), 2.14 (1H, m), 2.87 (1H, ddd, J = 7.7, 8.8, 
9.2 Hz), 3.20 (1H, d, J = 5.9 Hz), 3.29 (1H, ddd, J = 3.1, 8.1, 8.6 Hz), 3.38 (1H, ddd, J = 
5.9, 8.0, 8.8 Hz), 3.42 (1H, d, J = 13.1 Hz), 4.00 (1H, d, J = 13.1 Hz), 7.20-7.37 (5H, m) ; 
13C NMR (100 MHz, CDCl3)  23.5, 25.9 (CH3×3), 33.9, 51.4, 63.4, 65.4, 82,7, 127.1, 
128.4 (CH×2), 128.5 (CH×2), 138.2 ; HRMS (EI) m/z: [M]+ calcd for C15H23NO 
233.1780 ; Found 233.1806 
 
tert-butyl (R*)-2-((R*)-1-benzylazetidin-2-yl)-2-hydroxyacetate (65ag) 
 
Reaction time : (CH2Cl)2, 3 h, yield : 91%, column chromatography (CHCl3/MeOH=50), 
pale yellow oil, IR (neat)  699 736 847 1002 1056 1125 1160 1252 1368 1393 1454 
1477 1495 1723 2841 2931 2976 3453 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.46 (9H, s), 
1.84 (1H, m), 1.22 (1H, m), 2.93 (1H, ddd, J = 7.1, 8.7, 9.3 Hz), 3.30 (1H, m), 3.36-3.72 
(1H, br-s), 3.60 (1H, J = 12.8 Hz), 3.64 (1H, ddd, J = 3.5, 8.2, 8.6 Hz), 3.73 (1H, d, J = 
12.8 Hz), 3.78 (1H, d, J = 3.5 Hz), 7.20-7.37 (5H, m) ; 13C NMR (100 MHz, CDCl3)  
16.8, 28.0 (CH3×3), 50.8, 61.5, 66.9, 69.9, 81.8, 127.3, 128.4 (CH×2), 128.7 (CH×2), 




(R*)-1-((R*)-1-benzylazetidin-2-yl) propan-1-ol (67aa) 
 
Reaction time : (CH2Cl)2, 2 h, yield : 87%, column chromatography (silica gel, 
CHCl3/MeOH = 80), pale yellow oil, IR (neat)  699 735 971 1028 1171 1362 1454 1496 
2873 2931 2960 3028 3062 3410 cm-1 ; 1H NMR (400 MHz, CDCl3)  7.06-7.38 (5H, m), 
3.86 (1H, d, J = 13.1 Hz), 3.52 (1H, d, J = 13.1 Hz), 3.17-3.44 (3H, m), 2.84-3.14 (1H, 
br-s), 2.85 (1H, ddd, J = 7.2, 8.9, 9.4 Hz), 1.83-2.24 (2H, m), 1.22-1.47 (2H, m), 0.95 (3H, 
t, J = 7.4 Hz) ; 13C NMR (100 MHz, CDCl3)  10.4, 19.6, 27.9, 51.0, 63.5, 69.1, 75.0, 
127.1, 128.3 (CH×2), 128.5 (CH×2), 138.3 ; HRMS (EI) m/z: [M]+ calcd for C13H19NO2 
205.1467 ; Found 205.1483 





To a solution of epoxy amine in (CH2Cl)2 (0.2 M) was added La(OTf)3 (5 mol%) at 
rt, and the mixture was stirred in reflux temperature. After the reaction finished, the 
mixture was cooled to 0 °C and saturated aqueous NaHCO3 was added. Then, the mixture 
was extracted three times with CH2Cl2. The combined organic layers were dried over 
Na2SO4, filtered, and concentrated under reduced pressure. The resulting residue was 
purified by column chromatography to give pyrrolidine compound. 
 
Preparation of cis-epoxy amines 
General procedure  




To a solution of epoxy alcohol in CH2Cl2 (0.5 M) was added Et3N (2.5 eq) and MsCl 
(1.5 eq) at 0 °C, and the mixture was stirred for 10 min at room temperature. Then, 
saturated aqueous NaHCO3 was added at 0 °C, and the mixture was extracted three times 
with CH2Cl2. The combined organic layer was dried over anhydrous MgSO4, filtered, and 
concentrated under reduced pressure. The resulting crude product was used immediately 
in the next reaction without purification.  
To a solution of the above crude product in DMSO (0.5 M) were added alkyl amine 
(3.0 eq) and NaI (10 mol%) at room temperature, and the mixture was stirred for 2 days 
at ambient temperature. Then, the mixture was diluted with H2O, and extracted with Et2O. 
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The combined organic layer was washed with brine three times, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. The resulting residue was 
purified by column chromatography to give epoxy amine. 
 
(3R*,4S*)-N-(4-methoxy benzyl)-3,4-epoxyhexan-1-amine (66ba) 
 
Yield: 75%, column chromatography (silica gel, hexane/EtOAc = 1 → CHCl3/MeOH = 
30), yellow oil, IR (neat)  816 1036 1106 1176 1247 1301 1464 1512 1611 2834 2876 
2935 2969 3317 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.03 (3H, t, J = 7.5 Hz), 1.39 (1H, 
br-s), 1.44–1.60 (2H, m), 1.61–1.72 (1H, m), 1.72–1.84 (1H, m), 2.74–2.85 (2H, m), 2.87 
(1H, dt, J = 4.4, 6.3 Hz), 2.99 (1H, ddd, J = 4.4, 4.8, 9.0 Hz), 3.75 (2H, s), 3.79 (3H, s), 
6.86 (2H, d, J = 8.5 Hz), 7.24 (2H, d, J = 8.5 Hz) ; 13C NMR (100 MHz, CDCl3)  10.5, 
21.2, 28.3, 46.7, 53.4, 55.2, 55.8, 58.0, 113.7 (CH×2), 129.2 (CH×2), 132.4, 158.6 ; MS 




Yield: 55%, column chromatography (silica gel, hexane/EtOAc = 1 → CHCl3/MeOH = 
100), yellow oil, IR (neat)  821 907 1018 1066 1123 1163 1327 1417 1460 1619 2826 
2879 2938 2972 3327 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.04 (3H, t, J = 7.6 Hz), 1.38–
1.62 (2H, m), 1.48 (1H, br–s), 1.62–1.72 (1H, m), 1.74–1.86 (1H, m), 2.74–2.85 (2H, m), 
2.89 (1H, dt, J = 4.4, 6.3 Hz), 3.01 (1H, td, J = 4.4, 7.7 Hz), 3.88 (3H, s), 7.45 (2H, d, J 
= 8.1 Hz), 7.58 (2H, d, J = 8.1 Hz) ; 13C NMR (100 MHz, CDCl3)  10.5, 21.2, 28.3, 46.9, 
53.5, 55.8, 57.9, 124.2 (q, J = 272 Hz), 125.3 (q, J = 3.8 Hz), 128.2 (CH×2), 129.2 (q, J 
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Yield: 79%, column chromatography (silica gel, CHCl3/MeOH = 50→10), pale yellow 
oil, IR (neat)  737 815 908 1129 1271 1307 1378 1466 2815 2874 2930 2961 3311 cm-
1 ; 1H NMR (400 MHz, CDCl3)  0.92 (3H, t, J = 7.3 Hz), 1.04 (3H, t, J = 7.5 Hz), 1.12 
(1H, br-s), 1.28–1.42 (2H, m), 1.43–1.71 (5H, m), 1.77 (1H, dddd, J = 4.6, 6.7, 7.8, 14.3 
Hz), 2.63 (2H, dd, J = 7.1, 7.4 Hz), 2.73–2.85 (2H, m), 2.89 (1H, dt, J = 4.3, 6.3 Hz), 2.99 
(1H, ddd, J = 4.3, 4.9, 7.5 Hz) ; 13C NMR (100 MHz, CDCl3)  10.5, 13.4, 20.5, 21.2, 





Yield: 51%, column chromatography (silica gel, CHCl3/MeOH = 8), pale yellow oil, IR 
(neat)  704 785 817 1114 1146 1230 1361 1467 2876 2968 3313 cm-1 ; 1H NMR (400 
MHz, CDCl3)  1.04 (3H, t, J = 7.5 Hz), 1.12 (9H, s), 1.45–1.68 (3H, m), 1.70–1.84 (1H, 
m), 2.66–2.84 (2H, m), 2.88 (1H, dt, J = 4.4, 6.2 Hz), 2.99 (1H, td, J = 4.4, 7.7 Hz) ; 13C 
NMR (100 MHz, CDCl3)  10.5, 21.2, 29.0 (CH3×3), 29.3, 40.1, 50.3, 55.9, 57.9 ; MS 





Yield: 75%, column chromatography (silica gel, CHCl3/MeOH = 100→20), pale yellow 
oil, IR (neat)  815 907 1127 1467 2820 2876 2916 2969 3307 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  1.04 (3H, t, J = 7.5 Hz), 1.36 (1H, br-s), 1.46–1.71 (3H, m), 1.72–1.86 (3H, m), 
2.11 (3H, s), 2.56 (3H, t, J = 7.2 Hz), 2.73 (2H, t, J = 7.0 Hz), 2.73–2.86 (2H, m), 2.89 
(1H, dt, J = 4.4, 6.3 Hz), 2.99 (1H, td, J = 4.4, 7.6 Hz) ; 13C NMR (100 MHz, CDCl3)  
10.5, 15.6, 21.2, 28.4, 29.4, 32.1, 47.4, 48.9, 55.8, 58.0 ; MS (EI) m/z: [M]+ calcd for 




Yield: 18%, column chromatography (silica gel, CHCl3/MeOH = 100→50), pale yellow 
oil, IR (neat)  740 774 815 907 1131 1358 1389 1422 1469 2247 2844 2877 2935 2970 
3315 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.05 (3H, t, J = 7.5 Hz), 1.39 (1H, br–s), 1.45–
1.72 (3H, m), 1.73–1.86 (1H, m), 2.53 (2H, t, J = 6.6 Hz), 2.78–2.93 (3H, m), 2.96 (2H, 
t, J = 6.6 Hz), 3.01 (1H, td, J = 4.4, 7.8 Hz) ; 13C NMR (100 MHz, CDCl3)  10.5, 18.7, 
21.2, 28.2, 45.1, 46.7, 55.6, 57.9, 118.6 ; MS (EI) m/z: [M]+ calcd for C9H16N2O 











To a solution of bromobenzene (0.70 mL, 6.68 mmol), bis(triphenylphosphine) 
palladium (II) chloride (241 mg, 0.343 mmol), triphenylphosphine (123 mg, 0.469 mmol), 
and copper(I) iodide (14.1 mg, 74.0 mol) were added to a dry round-bottomed flask, 
which was then sparged with argon and charged with diethylamine (1.3 mL) and DMF 
(13 mL). 3-butyn-1-ol (S39) (0.5 mL, 6.61 mmol) was added via syringe. The stirred 
reaction mixture was heated at 80 °C for 12 h. After it was cooled to room temperature, 
the reaction mixture was diluted with diethyl ether (15 mL), and filtered. The filtrate was 
poured into water and the aqueous layer was extracted with diethyl ether (3×20 mL). The 
combined organic layer was washed with brine, dried over anhydrous MgSO4 and filtered, 
and concentrated under reduced pressure. The resulting residue was purified by column 
chromatography (silica gel, hexane/Et2O = 3→1.5) to give an alkyne S40 (802 mg, 83%) 




S40 : IR (neat)  691 756 846 915 1044 1179 1334 1442 1490 1572 1600 2234 2886 3056 
3349 cm-1 ; 1H NMR (400 MHz, CDCl3)  2.06 (1H, br-s), 2.69 (2H, t, J = 6.3 Hz), 3.81 
(2H, dt, J = 4.0, 6.3 Hz), 7.29 (3H, m), 7.41 (2H, m) ; 13C NMR (100 MHz, CDCl3)  
23.8, 61.1, 82.4, 86.3, 123.3, 127.9, 128.2 (CH×2), 131.6 (CH×2) ; MS (EI) m/z: [M]+ 
calcd for C10H10O 146.0732 ; Found 146.0717 
 
To a solution of S40 (602 mg, 4.12 mmol) in EtOH (10 mL) was added gold nano 
particles (1% on TiO2, 378 mg) and Me2NH·BH3 (730 mg, 12.4 mmol) at 0 °C, and the 
mixture was stirred for 13 h. The reaction mixture was filtered through a Celite pad, and 
the filtrate was concentrated. Then, the residue was diluted with H2O and extracted with 
Et2O (10×5 mL). The combined organic layers were washed with brine, dried over 
anhydrous MgSO4, filtered, and concentrated under reduced pressure. The residue was 
purified by column chromatography (silica gel, hexane/Et2O = 5) to give a cis-styrene 
S41 (387 mg, 2.61 mmol, 63%) as a colorless oil. 
 
S41 : IR (neat)  699 768 795 1051 1446 1494 2881 3022 3056 3336 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  1.49 (1H, br-d, J = 8.7 Hz), 2.62 (2H, td, J = 6.3, 7.3 Hz), 3.74 (2H, 
t, J = 6.3 Hz), 5.69 (1H, td, J = 7.3, 11.7 Hz), 6.59 (1H, d, J = 11.7 Hz), 7.20–7.39 (5H, 
m) ; 13C NMR (100 MHz, CDCl3)  32.0, 62.5, 126.8, 128.17 (CH×2), 128.22, 128.7 
(CH×2), 131.6, 137.2 ; MS (EI) m/z: [M]+ calcd for C10H12O 148.0888 ; Found 148.0870 
 
To a solution of S41 (387 mg, 2.61 mmol) in CH2Cl2 was added mCPBA (contains 
27-31% H2O, 999 mg, 3.76 mmol) at 0 °C, and stirred for 8 h at 0 °C. Then, saturated 
aqueous NaHCO3 and saturated aqueous Na2S2O3 were added at 0 °C, and the resulting 
solution was extracted with CH2Cl2. The combined organic layer was dried over MgSO4, 
filtered, concentrated under reduced pressure. The resulting residue was purified by 
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column chromatography (silica gel, Hexane/Et2O = 3) to give epoxy alcohol S42 (360 
mg, 2.19 mmol, 84%) as a yellow oil. 
 
S42 : IR (neat)  701 743 884 913 1050 1103 1132 1200 1256 1314 1374 1453 1496 1605 
2962 3031 3062 3399 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.52–1.66 (2H, m), 3.40 (1H, 
ddd, J = 4.4, 5.4, 6.8 Hz), 3.69–3.84 (2H, m), 4.13 (1H, d, J = 4.2 Hz), 7.27–7.42 (5H, 
m) ; 13C NMR (100 MHz, CDCl3)  29.9, 57.0, 57.3, 60.4, 126.5 (CH×2), 127.7, 128.2 




Yield: 79%, column chromatography (silica gel, hexane/EtOAc = 3→1), pale yellow oil, 
IR (neat)  699 742 1027 1119 1372 1453 1496 2818 2921 3028 3061 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  1.36 (1H, br-s), 1.43–1.64 (2H, m), 2.64–2.80 (2H, m), 3.26–3.34 
(1H, m), 3.67 (1H, d, J = 13.3 Hz), 3.72 (1H, d, J = 13.3 Hz), 4.08 (1H, d, J = 4.2 Hz), 
7.19–7.37 (10H, m) ; 13C NMR (100 MHz, CDCl3)  27.3, 46.1, 53.7, 57.1, 58.1, 126.4 
(CH×2), 126.8, 127.5, 127.95 (CH×2), 128.02 (CH×2), 128.3 (CH×2), 135.5, 140.2 ; 
MS (EI) m/z: [M]+ calcd for C17H19NO 253.1467 ; Found 253.1486 
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Yield: 83%, column chromatography (silica gel, CHCl3/MeOH = 100→50), pale yellow 
oil, IR (neat)  826 972 1037 1108 1176 1248 1301 1361 1464 1513 1612 2835 2959 
3410 cm-1 ; 1H NMR (400 MHz, CDCl3)  0.95 (3H, t, J = 7.4 Hz), 1.28–1.43 (2H, m), 
1.89–2.12 (2H, m), 2.85 (1H, dt, J = 7.2, 8.9 Hz), 3.17–3.37 (3H, m), 3.47 (1H, d, J = 
12.9 Hz), 3.76 (1H, d, J = 12.9 Hz), 3.79 (3H, s), 6.86 (2H, d, J = 8.7 Hz), 7.20 (2H, d, J 
= 8.7 Hz) ; 13C NMR (100 MHz, CDCl3)  10.4, 19.6, 27.9, 50.7, 55.2, 62.8, 69.1, 75.0, 





Yield: 92%, column chromatography (silica gel, CHCl3/MeOH = 100), pale yellow oil, 
IR (neat)  826 972 1019 1066 1125 1164 1327 1417 1620 2876 2965 3399 cm-1 ; 1H 
NMR (400 MHz, CDCl3)  0.97 (3H, t, J = 7.4 Hz), 1.28–1.44 (2H, m), 1.95–2.20 (2H, 
m), 2.72–2.95 (1H, br-s), , 2.83 (1H, dt, J = 7.3, 8.8 Hz), 3.24–3.44 (3H, m), 3.57 (1H, d, 
J = 13.6 Hz), 3.95 (1H, J = 13.6 Hz), 7.40 (2H, d, J = 8. 0 Hz), 7.57 (2H, d, J = 8.0 Hz) ; 
13C NMR (100 MHz, CDCl3)  10.3, 19.7, 27.9, 51.2, 63.0, 69.3, 75.1, 124.2 (q, J = 272 
Hz), 125.3 (CH×2, q, J = 3.7 Hz), 128.6 (CH×2), 129.4 (q, J = 32.3 Hz), 142.4 (q, J = 1.0 
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Yield: 80%, column chromatography (NH-silica gel, hexane/CHCl3 = 20→7), pale 
yellow oil, IR (neat)  975 1181 1376 1463 2872 2930 2958 3400 cm-1 ; 1H NMR (400 
MHz, CDCl3)  0.86 (3H, t, J = 7.1 Hz), 0.96 (3H, t, J = 7.4 Hz), 1.22–1.45 (6H, m), 
1.90–2.12 (2H, m), 2.27 (1H, m), 2.58–2.73 (1H, m), 2.76 (1H, dt, J = 7.1, 8.9 Hz), 3.14 
(1H, dt, J = 3.1, 8.1 Hz), 3.26 (1H, ddd, J = 3.4, 5.4, 7.8 Hz), 3.36 (1H, ddd, J = 3.0, 7.2, 
8.1 Hz) ; 13C NMR (100 MHz, CDCl3)  10.4, 14.0, 19.7, 20.4, 28.2, 29.6, 51.0, 59.5, 




Yield: 86%, column chromatography (NH-silica gel, hexane/CHCl3 = 20→5), colorless 
oil, IR (neat)  973 1038 1073 1234 1362 1389 1463 2873 2966 3410 cm-1 ; 1H NMR 
(400 MHz, CDCl3)  0.96 (3H, t, J = 7.4 Hz), 0.99 (9H, s), 1.42 (2H, quint, J = 7.4), 1.83 
(1H, ddd, J = 6.9, 8.0, 11.0 Hz), 2.05 (1H, ddd, J = 5.7, 8.5, 11.0 Hz), 3.12–3.22 (2H, m), 
3.30 (1H, dt, J = 4.0, 6.6 Hz), 3.41 (1H, ddd, J = 4.0, 6.9, 8.8 Hz), 3.53 (1H, br-s) ; 13C 
NMR (100 MHz, CDCl3)  10.5, 20.0, 25.6 (CH3×3), 27.6, 43.7, 52.0, 61.7, 75.5 ; MS 






Yield: 88%, column chromatography (silica gel, CHCl3/MeOH = 50→20→10), pale 
yellow oil, IR (neat)  974 1038 1172 1227 1372 1442 1727 2836 2918 3417 cm-1 ; 1H 
NMR (400 MHz, CDCl3)  0.96 (3H, t, J = 7.4 Hz), 1.29–1.46 (2H, m), 1.55–1.73 (2H, 
m), 1.92–2.12 (2H, m), 2.09 (3H, s), 2.45 (1H, ddd, J = 4.8, 7.3, 11.2 Hz), 2.48–2.60 (2H, 
m), 2.71–2.84 (2H, m), 3.16 (1H, dt, J = 3.6, 8.1 Hz), 3.28 (1H, ddd, J = 3.8, 5.2, 8.0 Hz), 
3.38 (1H, ddd, J = 3.1, 6.9, 8.1 Hz) ; 13C NMR (100 MHz, CDCl3)  10.4, 15.5, 19.6, 
26.8, 28.1, 31.9, 51.1, 58.1, 69.0, 75.0 ; MS (EI) m/z: [M]+ calcd for C10H21NOS 




Yield: 92%, column chromatography (silica gel, CHCl3/MeOH = 20), pale yellow oil, IR 
(neat)  974 1097 1177 1227 1370 1421 1460 2249 2844 2963 3409 cm-1 ; 1H NMR (400 
MHz, CDCl3)  0.97 (3H, t, J = 7.4 Hz), 1.28–1.42 (2H, m), 1.95–2.15 (2H, m), 2.41 (2H, 
dd, J = 6.5, 7.2 Hz), 2.51 (1H, br-s), 2.69 (1H, td, J = 6.4, 12.0 Hz), 2.87 (1H, dt, J = 6.8, 
8.9 Hz), 2.93 (1H, td, J = 7.3, 12.0 Hz), 3.23 (1H, dt, J = 4.6, 8.1 Hz), 3.30–3.41 (1H, m), 
3.49 (1H, ddd, J = 3.2, 7.2, 8.0 Hz) ; 13C NMR (100 MHz, CDCl3)  10.2, 17.0, 19.6, 







Yield: 82%, column chromatography (silica gel, hexane/EtOAc = 2), white solid, IR 
(neat)  699 727 760 1020 1036 1166 1275 1449 1495 2854 2962 3029 3059 3165 cm-1 ; 
1H NMR (400 MHz, CDCl3)  2.01 (1H, m), 2.25 (1H, m), 2.84 (1H, dt, J = 7.2, 8.9 Hz), 
3.24 (1H, d, J = 13.2 Hz), 3.22–3.30 (1H, m), 3.39 (1H, d, J = 13.2 Hz), 3.61 (1H, dt, J = 
2.7, 8.0 Hz), 3.98 (1H, br-s), 4.56 (1H, d, J = 2.7 Hz), 7.08–7.45 (10H, m) ; 13C NMR 
(100 MHz, CDCl3)  20.1, 50.7, 62.3, 70.8, 74.0, 125.43 (CH×2), 127.00, 127.04, 128.26  
(CH×2), 128.27 (CH×2), 128.5 (CH×2), 138.0, 143.2 ; MS (EI) m/z: [M]+ calcd for 














To a solution of propionaldehyde (S43) (4.79 g, 82.4 mmol) in DMSO (80 mL) was 
added malonic acid (17.4 g, 20.4 mmol), AcOH (94 mL, 1.65 mmol) and piperidine (160 
mL, 1.62 mmol). The mixture was stirred at 100 °C for 17.5 h, and then poured into water 
at 0 °C. after extraction with Et2O (60 mL×3), the combined organic layer was washed 
with H2O and brine, dried over anhydrous MgSO4, filtered and concentration under 
reduced pressure. The resulting crude product was used immediately in the next reaction 
without purification.  
To a suspension of LiAlH4 (6.93 g, 183 mmol) in Et2O (140 mL) was added dropwise 
a solution of the above crude product in Et2O (140 mL) at 0 °C, and the resulting 
suspension was stirred for 20 h at room temperature. Then, H2O (7 mL) and 15% aq. 
NaOH (7 mL) was added dropwise followed by H2O (21 mL) was added, and the resulting 
suspension was stirred at room temperature. Then, anhydrous MgSO4 was added at 0 °C 
and stirred at room temperature. Then, the resulting suspension was filtered through a 
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celite pad, and the filtrate was concentrated under reduced pressure. The resulting residue 
was distilled under reduced pressure (15 Torr, b.p. 79-80 °C) to give trans-3-penten-1-ol 
(36) (3.00 g, 34.8 mmol, 42%) as a colorless oil. 
 
36 : IR (neat)  967 1045 1079 1378 1437 2733 2939 3023 3337 cm-1 ; 1H NMR (400 
MHz, CDCl3)  1.68 (3H, dd, J = 1.5, 6.3 Hz), 1.86 (1H, br-m), 2.25 (2H, tq, J = 1.2, 6.5 
Hz), 3.62 (2H, dd, J = 6.1, 11.8 Hz), 5.41 (1H, qtd, J = 1.5, 6.8, 15.2 Hz), 5.56 (1H, tqd, 
J = 1.2, 6.3, 15.2 Hz) ; 13C NMR (100 MHz, CDCl3)  17.9, 35.9, 62.0, 127.1, 128.3 ; 
HRMS (ESI) m/z: [M+Na]+ calcd for C5H10ONa 109.0624 ; Found 109.0623 
 
trans-3-penten-1-ol (36) (1.10 g, 12.7 mmol), Shi’s ketone (914 mg, 3.54 mmol), 
and tetrabutylammonium hydrogen sulfate (92.7 mg, 0.27 mmol) were dissolved in 
DMM-CH3CN (2:1, 120 mL). An aqueous K2CO3/HOAc solution (72 mL) (prepared by 
mixing 100 mL of 0.1 M aqueous K2CO3 with 0.5 mL of acetic acid (pH 9.3)) was added 
with stirring, and the mixture was cooled to about -20 °C via a NaCl-ice bath. A solution 
of Oxone (10.3 g, 16.8 mmol) in aqueous Na2(EDTA) (4 × 10
-4 M, 78 mL) and a solution 
of K2CO3 (9.46 g, 68.4 mmol) in water (60 mL) were added dropwise separately via a 
dropping funnel over a period of 3 h. The resulting mixture was filtered through a celite 
pad. The aqueous layer was extracted with CH2Cl2, dried over MgSO4, and concentrated. 
The resulting residue was purified by flash chromatography (silica gel, pentane/Et2O = 1) 




(3R,4R)-37 : [α]D 
24 +49.6 (c 1.00, CHCl3, lit. [α]D 
27 +49.3 (c 1.02, CHCl3) 
[6]) ; IR (neat) 
 857 1025 1053 1086 1382 1442 1479 2884 2929 2966 3408 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  1.32 (3H, d, J = 5.2 Hz), 1.70 (1H, dtd, J = 5.2, 6.3, 14.5 Hz), 1.80-2.10 (2H, 
m), 2.84 (1H, ddd, J = 2.3, 4.2, 6.3 Hz), 2.89 (1H, dq, J = 2.3, 5.2 Hz), 3.79 (2H, ddd, J 
= 1.7, 5.2, 6.5 Hz) ; 13C NMR (100 MHz, CDCl3)  17.5, 34.1, 54.1, 57.8, 60.0 ; MS (EI) 
calcd for C5H9O2 [M-H]
+ : 101.0603, found 101.0609 
 
(3R,4R)-1-tert-butyldiphenylsiloxy-3,4-epoxy-pentane (S44) (For determination of 
enantiomeric excess) 
 
To a solution of 3,4-epoxy alcohol (3R,4R)-37 (28.2 mg, 0.276 mmol) in THF (0.56 
mL) were added imidazole (47.4 mg, 0.696 mmol) followed by TBDPSCl (86 mL, 3.72 
mmol) at 0 °C. After stirring for 30 min at room temperature, the reaction was quenched 
with saturated aqueous NaHCO3 (3 mL). The mixture was extracted with Et2O and the 
combined organic layer was washed with brine, dried over MgSO4, and concentrated 
under reduced pressure. The resulting residue was purified by column chromatography 
(silica gel, hexane/EtOAc = 50) to give TBDPS ether S44 (82.3 mg, 0.242 mmol, 88%, 
87.5% ee) as a colorless oil.  
 
Chiral HPLC condition: AS-H, 1 mL/min, iPrOH/Hexane = 0.5/99.5. Retention time: 
major enantiomer; 4.71 min, minor enantiomer; 6.60 min. 
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S44 : [α]D 
24 +14.2 (c 1.05, CHCl3, lit. [α]D 
29 +17.9 (c 0.92, CHCl3) 
[6]) ; IR (neat)  688 
702 738 823 875 936 998 1008 1029 1112 1379 1428 1473 2858 2931 2960 3050 3071 
cm-1 ; 1H NMR (400 MHz, CDCl3) d 1.06 (9H, s), 1.31 (3H, d, J = 5.0 Hz), 1.70-1.83 
(2H, m), 2.74-2.88 (2H, m), 3.73-3.90 (2H, m), 7.33-7.48 (6H, m), 7.60-7.72 (4H, m) ; 
13C NMR (100 MHz, CDCl3)  17.7, 19.2, 26.8 (CH3×3), 35.3, 54.8, 57.4, 60.9, 127.7 
(CH×4), 129.6 (CH×2), 133.67, 133.70, 135.52 (CH×2), 135.53(CH×2) ; HRMS (ESI) 
m/z: [M+Na]+ calcd for C21H28O2SiNa 363.1751 ; Found 363.1745 
 




To a solution of epoxy alcohol (3R,4R)-37 (420 mg, 4.11 mmol) in CH2Cl2 (8.2 mL) 
was added Et3N (1.7 mL, 12.2 mmol), TsCl (1.18 g, 6.19 mmol) and DMAP (28.5 mg, 
0.233 mmol) at 0 °C, and the mixture was stirred for 2 h at room temperature. Then, 
saturated aqueous NaHCO3 was added at 0 °C, and the mixture was extracted CH2Cl2 (5 
mL×3). The combined organic layer was dried over anhydrous MgSO4, filtered, and 
concentrated under reduced pressure. The resulting residue was purified by column 
chromatography (silica gel, hexane/EtOAc = 8 → 4) to give sulfonate (3R,4R)-71 (960 
mg, 3.75 mmol, 91%).  
 
(3R,4R)-71 : [α]D 
26 +24.3 (c 1.02, CHCl3) ; IR (neat)  664 768 817 871 915 972 1018 
1097 1177 1360 1450 1598 2927 2987 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.26 (3H, d, 
J = 5.2 Hz), 1.77 (1H, tdd, J = 5.5, 6.4, 14.7 Hz), 1.98 (1H, dtd, J = 4.7, 7.0, 14.7 Hz), 
2.45 (3H, s), 2.68 (1H, ddd, J = 2.2, 4.7, 6.4 Hz), 2.75 (1H, dq, J = 2.2, 5.2 Hz), 4.15(2H, 
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dd, J = 5.5, 7.0 Hz), 7.36 (2H, d, J = 8.3 Hz), 7.80 (2H, d, J = 8.3 Hz) ; 13C NMR (100 
MHz, CDCl3)  17.4, 21.6, 31.7, 54.6, 55.8, 67.2, 127.9 (CH×2), 129.9 (CH×2), 133.0, 
144.9 ; HRMS (EI) m/z: [M]+ calcd for C12H16O4S 256.0769 ; Found 256.0763 
 




To a solution of sulfonate (3R,4R)-71 (427 mg, 1.67 mmol) in THF (1.7 mL) was 
added TBAI (937 mg, 2.54 mmol) at room temperature, and stirred under reflux for 1.5 
h. then, the solution was cooled to room temperature followed by addition of a solution 
of EtNH2 (2.0 M in THF, 3.5 mL) was added, and stirred for 2 h at room temperature. The 
remaining EtNH2 was removed under reduced pressure. The resulting residue was filtered 
through a celite pad and washed with Et2O. the filtrate was concentrated under reduced 
pressure, and the resulting residue was purified by column chromatography (NH-silica 
gel, pentane/Et2O = 10) to give epoxy amine (3R,4R)-72 (190 mg, 1.47 mmol, 88%) as a 
yellow oil. 
 
(3R,4R)-72 : [α]D 
25 +40.0 (c 1.01, CHCl3) ; IR (neat)  718 753 860 1022 1136 1301 
1380 1413 1454 1472 2818 2927 2966 3309 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.11 
(3H, t, J = 7.1 Hz), 1.30 (3H, d, J = 5.2 Hz), 1.52-1.70 (1H, m), 1.72-1.92 (1H, m), 2.66 
(2H, q, J = 7.1 Hz), 2.69-2.84 (4H, m) ; 13C NMR (100 MHz, CDCl3)  15.1, 17.4, 32.4, 
44.0, 46.5, 54.0, 58.1 ; HRMS (EI) m/z: [M]+ calcd for C7H15NO 129.1154 ; Found 
129.1160 
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To a solution of epoxy amine (3R,4R)-72 (221 mg, 1.71 mmol) in CH2Cl2 (8.6 mL) 
was added La(OTf)3 (50.1 mg, 85.5 mmol) at room temperature, and the mixture was 
stirred under reflux for 2 h. After the reaction finished, the mixture was cooled to room 
temperature and concentrated under reduced pressure. The resulting residue was purified 
by column chromatography (NH-silica gel, hexane/CHCl3=10 → CHCl3 only) to give 3-
hydroxypyrrolidine (2S,3R)-73 (200 mg, 1.55 mmol, 90%) as a pale yellow oil. 
 
(2S,3R)-73 : [α]D 
26 +51.0 (c 1.08, CHCl3) ; IR (neat)  782 1016 1044 1062 1084 1128 
1184 1231 1268 1321 1351 1385 1454 2809 2877 1937 2970 3349 cm-1 ; 1H NMR (400 
MHz, CDCl3)  1.10 (3H, t, J = 7.3 Hz), 1.13 (3H, d, J = 6.3 Hz), 1.62 (1H, dddd, J = 2.7, 
3.6, 8.3, 13.3 Hz), 2.02-2.32 (4H, m), 2.82 (1H, qd, J = 7.3, 12.0 Hz), 3.03 (1H, dt, J = 
2.7, 8.9 Hz), 3.88 (1H, ddd, J = 3.6, 5.1, 8.0 Hz) ; 13C NMR (100 MHz, CDCl3)  13.0, 
16.2, 32.2, 47.4, 50.5, 67.4, 77.8 ; HRMS (EI) m/z: [M]+ calcd for C7H15NO 129.1154 ; 








To a solution of diphenylmethane (0.46 mL, 2.76 mmol) in THF (4.5 mL) was added 
BuLi (1.54 M in hexane, 1.66 mL, 2.56 mmol) at -20 °C and stirred for 80 min. 
To a solution of 3-hydroxypyrrolidine (2S,3R)-73 (118 mg, 0.915 mmol), DMAP 
( 11.58 mg, 94.7 mmol), bpy (7.26 mg, 46.5 mmol) and AZADOL (7.10 mg, 46.3 mmol) 
in THF (1 mL) was added CuOTf (24.5 mg, 97.2 mmol) at 23 °C (water bath). The 
mixture was stirred for 1 h at the same temperature under an O2 atmosphere. after 
oxidation, the atmosphere was exchanged to Ar, and then the resulting mixture was added 
dropwise to the pre-mixed above solution via a syringe over 10 min at -20 °C. the mixture 
was stirred for 2.5 h at the same temperature. Then, saturated aqueous NaHCO3 was added 
and extracted with EtOAc (8 mL×3). The combined organic layer was washed with brine, 
dried over Na2SO4, filtered, and concentrated under reduced pressure. The resulting 
residue was purified by column chromatography (silica gel, CHCl3/MeOH = 20 → 10, 
then NH-silica gel, hexane/CHCl3 = 20 → 10) to give 3-(diphenylmethyl)pyrrolidin-3-ol 
(2S,3R)-76 (171 mg, 0.579 mmol, 63%, 87.4% ee) as white amorphas. 
 
Chiral HPLC condition: AD-H, 0.5 mL/min, iPrOH (0.1% DEA)/Hexane = 5/95. 
Retention time: major enantiomer; 13.2 min, minor enantiomer; 21.3 min. 
 
(2S,3R)-76 : [α]D 
25 +93.8 (c 1.01, CHCl3) ; IR (neat)  965 1033 1060 1082 1139 1191 
1215 1235 1290 1351 1387 1451 1493 1597 2802 2877 2971 3023 3060 3195 cm-1 ; 1H 
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NMR (400 MHz, CDCl3)  0.62 (3H, d, J = 6.2 Hz), 1.05 (3H, t, J = 7.2 Hz), 1.86 (1H, 
td, J = 8.6, 13.2 Hz), 1.92-2.07 (2H, m), 2.14 (1H, ddd, J = 2.4, 8.6, 13.2 Hz), 2.21 (1H, 
q, J = 6.2 Hz), 2.31 (1H, s), 2.80 (1H, qd, J = 7.2, 11.9 Hz), 3.13 (1H, dt, J = 2.4, 8.6 Hz), 
3.90 (1H, s), 7.10-7.21 (2H, m), 7.22-7.36 (4H, m), 7.45 (2H, d, J = 7.3 Hz), 7.57 (2H, d, 
J = 7.4 Hz) ; 13C NMR (100 MHz, CDCl3)  12.7 (CH3×2), 38.2, 47.2, 50.1, 60.4, 68.2, 
82.7, 126.3, 126.5, 128.19 (CH×2), 128.22 (CH×2), 129.7 (CH×2), 129.8 (CH×2), 141.6, 
142.6 ; HRMS (EI) m/z: [M]+ calcd for C20H25NO 295.1936 ; Found 295.1955 
 




To a mixture of 3-(diphenylmethyl)pyrrolidin-3-ol (2S,3R)-76 (31.9 mg, 0.108 
mmol) in pyridine (1 mL) was added POCl3 (0.1 mL) at 0 °C. the resulting solution was 
refluxed for 2 days. then, the black solution was cooled to 0 °C and saturated aqueous 
NaHCO3 was added. The mixture was extracted with CH2Cl2 (1.5 mL×3), dried over 
K2CO3, filtered, and concentrated under reduced pressure. The resulting residue was 
through a NH-silica gel short pad with CHCl3, and purified by column chromatography 
(silica gel, CHCl3/MeOH = 50 → 20) to give diphenyl methylidene (S)-S45 (14.5 mg, 
52.3 mmol, 49%, S45/S46 = >20:1) as a yellow oil. 
 
(S)-S45: IR (neat)  700 734 758 1032 1073 1110 1141 1159 1192 1231 1298 1319 
13451385 1443 1491 1599 2787 2967 3022 3055 cm-1 ; 1H NMR (400 MHz, CDCl3)  
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0.84 (3H, d, J = 8.3 Hz), 1.14 (3H, t, J = 7.2 Hz), 2.18-2.36 (2H, m), 2.41 (1H, ddd, J = 
1.5, 5.9, 15.9 Hz), 2.74-2.95 (2H, m), 3.21 (1H, t, J = 8.0 Hz), 3.45 (1H, ddd, J = 2.2, 6.2, 
12.4 Hz), 7.11-7.34 (10H, m) ; 13C NMR (100 MHz, CDCl3)  13.4,17.6, 31.8, 48.2, 52.1, 
62.6, 126.4, 126.6, 127.9 (CH×2), 128.3 (CH×2), 129.1 (CH×2), 129.4 (CH×2), 134.2, 
142.2, 142.9, 143.5 ; HRMS (ESI) m/z: [M+H]+ calcd for C20H24N 278.1903 ; Found 
278.1900 
 
Synthesis of (S)-3-(diphenylmethylene)-1,1-diethyl-2-methylpyrrolidin-1-ium bromide 




The mixture of diphenyl methylidene (S)-S73 (19.5 mg, 52.9 mmol, isomer mixture) 
in EtBr (0.5 mL) was refluxed for 12 h. the mixture was cooled to room temperature and 
concentrated under reduced pressure. The resulting residue was purified by column 
chromatography (silica gel, CHCl3/MeOH = 20 → 20+2% Et3N then NH-silica gel, 
hexane/CH3Cl = 10 → CHCl3/MeOH = 20) to give prifinium briomide (S)-53 (13.9 mg, 
35.8 mmol, 51%) as white amorphas. 
 
(S)-53: [α]D 
27 +130 (c 0.69, CHCl3) ; IR (neat)  660 705 755 1008 1031 1074 1217 1246 
1393 1443 1492 2921 2985 3054 3417 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.34-1.46 
(6H, m), 1.53 (3H, d, J = 6.8 Hz), 2.77 (1H, td, J = 9.1, 18.0 Hz), 3.29-3.50 (3H, m), 3.52-
3.78 ( 2H, m), 4.10-4.29 (2H, m), 4.43-4.57 (1H, m), 7.10-7.47 (10H, m) ; 13C NMR (100 
MHz, CDCl3)  8.72, 9.13, 15.4, 25.6, 50.3, 53.4, 58.4, 71.2, 127.95 (CH×2), 127.99 
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(CH×2), 128.2 (CH×2), 128.5 (CH×2), 129.2 (CH×2), 133.4, 139.3, 140.2, 140.8 ; HRMS 











CuBr (18.1 mg, 0.126 mmol) was added to a solution of 3-hydroxypyrrolidine 64aa 
(622 mg, 3.03 mmol), AZADOL (9.36 mg, 0.0611 mmol), bpy (9.76 mg, 0.0625 mmol), 
and DMAP (15.2 mg, 0.124 mmol) in CH3CN (15 mL) at room temperature. The mixture 
was stirred under an O2 atmosphere at room temperature for 20 min, and the reaction was 
quenched with sat. NaHCO3 and extracted with CH2Cl2. The organic layer was washed 
with brine, dried over Na2SO4, and concentrated under reduced pressure. The resulting 
residue was purified by column chromatography (silica gel, hexane/EtOAc = 30) to give 
ketone 75 as a colorless oil. The ketone was immediately used next reaction without 
further purification. 
To a solution of ketone 75 (340 mg, 1.67 mmol) in EtOH/28% aq. NH4OH (4.2 
mL/4.2 mL) were added NaCN (327 mg, 6.67 mmol) and (NH4)2CO3 (655 mg, 6.82 
mmol) at room temperature. The mixture was stirred at 60 °C for 14 h. The mixture was 
cooled to room temperature, and diluted with saturated aqueous NaHCO3. The resulting 
mixture was extracted with EtOAc (10 mL×3). The combined organic layer was washed 
with brine, dried over anhydrous Na2SO4, filtered, and concentrated under reduced 
pressure. The resulting residue was purified by column chromatography (silica gel, 
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CHCl3/MeOH = 50) to give hydantoin 79 (299 mg, 1.09 mmol, 65%) as white amorphas. 
79 : IR (neat)  699 756 981 1242 1310 1350 1400 1720 2817 2936 2970 3194 cm-1 ; 1H 
NMR (400 MHz, (CD3)2CO)  0.87 (3H, t, J = 7.5 Hz), 1.50–1.68 (1H, m), 1.70–1.84 
(1H, m), 1.88–1.99 (1H, m), 2.05 (2H, quint., J = 2.2 Hz), 2.18–2.32 (2H, m), 2.63 (1H, 
dd, J = 3.5, 9.3 Hz), 2.84–2.96 (1H, m), 3.21 (1H, d, J = 13.1 Hz), 4.08 (1H, d, J = 13.1 
Hz), 7.18–7.44 (6H, m), 9.58 (1H, br-s) ; 13C NMR (100 MHz, (CD3)2CO)  10.7, 22.6, 
36.8, 52.4, 58.6, 70.8, 72.3, 127.7, 129.0 (CH×2), 129.4 (CH×2), 140.4, 156.9, 178.4 ; 
MS (EI) m/z: [M]+ calcd for C15H19N3O2 273.1477 ; Found 273.1486 
 




CuBr (50.5 g, 0.342 mmol) was added to a solution of pyrrolidine 80 (1.52 mg, 8.56 
mmol), AZADOL (26.9 mg, 0.176 mmol), bpy (28.1 mg, 0.180 mmol), and DMAP (44.6 
mg, 0.365 mmol) in CH3CN (40 mL) at room temperature. The mixture was stirred under 
an O2 atmosphere at room temperature for 30 min, and the reaction was quenched with 
sat. NaHCO3 and extracted with CH2Cl2. The organic layer was washed with brine, dried 
over Na2SO4, and concentrated under reduced pressure. The resulting residue was purified 
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by column chromatography (silica gel, pentane/Et2O = 4) to give ketone S47 (1.34 g, 7.64 
mmol, 89%) as a colorless oil. The ketone was immediately used next reaction without 
further purification. 
To a solution of ketone S47 (1.34 mg, 7.64 mmol) in EtOH/28% aq. NH4OH (20 
mL/20 mL) were added NaCN (1.51 g, 30.8 mmol) and (NH4)2CO3 (3.03 mg, 31.5 mmol) 
at room temperature. The mixture was stirred at 60 °C for 14.5 h. The mixture was cooled 
to room temperature, and diluted with saturated aqueous NaHCO3. The resulting mixture 
was extracted with CHCl3 (30 mL×3). The combined organic layer was washed with brine, 
dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 
resulting residue was purified by column chromatography (silica gel, CHCl3/MeOH = 20) 
to give hydantoin 81 (1.70 mg, 6.91 mmol, 90%) as white amorphas. 
 
81 : IR (neat)  699 734 1316 1411 1729 1778 2798 3064 3231 cm-1 ; 1H NMR (400 MHz, 
CDCl3)  1.97–2.12 (1H, m), 2.40–2.53 (2H, m), 2.69 (1H, J = 10.0 Hz), 2.93 (1H, d, J = 
10.0 Hz), 3.04–3.14 (1H, m), 3.57 (1H, d, J = 12.6 Hz), 3.79 (1H, d, J = 12.6 Hz), 6.71 
(1H, br-s), 7.22–7.36 (5H, m), 9.21 (1H, br-s) ; 13C NMR (100 MHz, CDCl3)  36.6, 53.0, 
59.2, 63.2, 67.9, 127.5, 128.5 (CH×2), 128.9 (CH×2), 137.5, 156.2, 176.6 ; MS (EI) m/z: 
[M]+ calcd for C13H15N3O2 245.1164 ; Found 245.1167 
 
To a solution of Boc2O (284 mg, 1.30 mmol) and DMAP (4.99 mg, 0.0408 mmol) 
in THF was added hydantoin 81 (139 mg, 0.567 mmol) at room temperature and stirred 
for 20 min. the resulting mixture was concentration under reduced pressure. The resulting 
residue was purified by column chromatography (silica gel, hexane/EtOAc = 4) to give 




107 : IR (neat)  700 735 777 842 913 937 1144 1254 1334 1370 1456 1475 1742 1785 
1825 2825 2935 2981 cm-1 ; 1H NMR (400 MHz, CDCl3)  1.55 (9H, s), 1.58 (9H, s), 
2.30–2.53 (2H, m), 2.90–3.12 (4H, m), 3.75 (2H, s), 7.21–7.39 (5H, m) ; 13C NMR (100 
MHz, CDCl3)  27.6 (CH3×3), 27.9 (CH3×3), 34.8, 53.4, 59.2, 60.0, 68.6, 84.9, 86.5, 
127.0, 128.2 (CH×2), 128.5 (CH×2), 138.2, 145.0, 147.2, 148.1, 171.2 ; MS (ESI) m/z: 
[M+H]+ calcd for C23H32N3O6 446.2286 ; Found 446.2277 
 
To a solution of N,N-diboc hydantoin 82 (0.567 mmol) in DME (3 mL) was added 1 
M aq. NaOH (3 mL) at room temperature. After stirring for 2 h, the mixture was 
neutralized with 1 M aq. HCl and extracted with CH2Cl2. The aqueous layer was 
concentrated under reduced pressure. The resulting residue was diluted with MeOH, and 
dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 
resulting crude product was used next reaction without further purification.  
To a solution of the above crude product in MeOH (12 mL) was added SOCl2 (0.41 
mL) at 0 °C. the mixture was refluxed for 20 h, then the resulting mixture was 
concentrated. The resulting residue was diluted with CH2Cl2 (10 mL) and saturated 
aqueous NaHCO3 was added. Then, the mixture was extracted with CH2Cl2 (10 mL×3). 
The combined organic layer was dried over anhydrous Na2SO4, filtered, and concentrated 
under reduced pressure. The resulting residue was purified by column chromatography 
(silica gel, CHCl3/MeOH = 20) to give pyrrolidinyl -amino acid methyl ester 83 (125 
mg, 0.534 mmol, 93% for 2 steps) as a pale yellow oil. 
 
83 : IR (neat)  700 747 1074 1206 1376 1454 1495 1603 1731 2797 2951 3027 3323 
cm-1 ; 1H NMR (400 MHz, CDCl3)  1.69–1.84 (1H, m), 1.81 (2H, br-s), 2.40–2.51 (1H, 
m), 2.66 (1H, dt, J = 6.4, 8.6 Hz), 2.60 (1H, d, J = 9.4 Hz), 2.85 (1H, d, J = 9.4 Hz), 2.93 
(1H, dt, J = 5.2, 8.4 Hz), 3.66 (2H, s), 3.74 (3H, s), 7.17–7.38 (5H, m) ; 13C NMR (100 
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MHz, CDCl3)  38.9, 52.4, 53.4, 59.9, 63.7, 66.3, 127.0, 128.2 (CH×2), 128.7 (CH×2), 
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